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ABSTRACT 

This  program  was  part  of  a  major  study  by  the  Air  Force  to  overcome  problems 
create-1  by  the  undesirab'e  growth  of  microorganisms  in  aircraft  jet-fuel  tanks  and 
ground  storage  tanks.  Problems  attributed  to  microbial  growth  include  plugging  of  fuel 
gages,  destruction  of  topcoatings,  and  corrosion  of  metal  parts. 

It  was  shown  that  certain  species  of  bacteria  and  fungi,  isolated  from  JP-4  fuel, 
grow  rapidly  on  coatings  in  laboratory  exposures.  Damage  to  coatings  alter  1  year  of 
exposure  was  minimal,  suggesting  that  growth  alone  is  not  as  important  as  growth  aug¬ 
mented  by  other  f«ctors  such  as  corrosive  materials  in  fupl-tank  water  bottoms.  For 
example,  aircraft  fuel  sump  samples  (without  microorganisms)  from  various  USAF 
bases  were  shown  to  be  corrosive  to  both  uncoated  and  coated  7075-T6  aluminum  and  to 
cause  blistering  o!  a  topcoating. 

Although  coating  damage  and  metal  corrosion  could  not  be  attributed  to  microbial 
action  alone,  control  of  microbial  growth  in  fuel  tanks  is  still  desirable.  Several  bio¬ 
cides  were  found  which  inhibit  growth  when  added  to  coatings.  Two  of  these  in  particu¬ 
lar  were  effective  at  relatively  low  concentrations  and  are  recommended  for  further 
study.  It  v  is  also  shown  that  three  biocides  selected  for  addition  to  fuel  ate  not  harmful 
to  most  rx  ting  fuel-system  coatings  and  elastomeric  components,  although  one  caused 
embrittlement  of  a  nitrile  rubber  specimen. 
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ELASTOMERS  FOR  FUEL  SYSTEMS  CONTAINING 
MIC  ROORGAN1SM- CONTROLLING  ADDITIVES 

by 

C,  W,  Cooper,  H.  T.  Kemp,  and  R.  M.  Kell 


INTRODUCTION 


This  is  a  summary  report  covering  activity  during  the  2-year  period  from 
October  I,  1962,  thrrugh  September  30,  1964,  on  Contract  No.  AF  33(657)-9804,  Task 
Numbers  734005  and  738101.  The  study  initially  concerned  research  on  means  for  im¬ 
proving  the  resistance  to  microbial  deterioration  of  jet-fuel  system  coatings  and  seal¬ 
ants  used  in  aircraft.  This  was  expanded  on  November  1,  1963,  to  include  coatings  for 
steel  gr<  und-st  jrage  tanks  and  carriers.  The  program  also  included  an  investigation  of 
the  possible  effect  on  aircraft  fuel  system  sealants,  co?*  •  and  elastomers  of  biocide 
additives  for  ft  1  developed  in  parallel  programs  conduc,  uther  contractors. 

One  of  the  major  problems  of  the  Air  Force  has  been  Che  existence  of  micro¬ 
organisms  in  fuel  systems.  These  microorganisms  were  believed  responsible  for 
severe  corr  .oinn  damage  to  metal  surfaces.  Work  has  been  conducted  along  several 
fronts  by  the  Ait  Force  and  by  a  number  of  contractors  to  alleviate  this  situation.  The 
various  approaches  include  (1)  the  investigation  of  new  protective  coating  materials, 

(2)  the  addition  of  biocidal  agents  to  fuel,  (3)  a  similar  addition  of  biocides  to  selected 
coating  materials,  and  (4)  improvement  in  housekeeping,  fuel  handling,  and  filtration. 
The  Battelle  program  has  been  concerned  with  the  development  of  jet-fuel  systems  coat¬ 
ings  and  sealants  with  resistance  to  microbial  growth  and  deterioration  along  the  lines 
indicated  in  Item  (3). 

Primary  objectives  of  the  study  were  as  follows: 

(1)  Select  most  active  microbial  isolates  for  coating  exposure  and  adapt 
cu.  ires  to  specific  environment,  j.  e. ,  fuel,  water,  coatings,  and 

■  e  iants. 

(2)  Determine  the  effect  of  selected  microorganisms  on  u  variety  of 
coating  materials. 

(3)  Select  and  evaluate  a  large  numb*  of  biocides  at  potentially  effec¬ 
tive  growth-co.iirolting  additives  to  selected  coatings  for  aluminum 
and  ttcei. 

(4)  Determine  the  effect  of  selected  fuel  additive  (furnished  by  RTD)  on 
the  properties  of  various  coatings,  sealants,  and  elastomeric  com¬ 
ponent!  of  fuel  systems. 

One  corollary  but  rather  important  aspect  of  the  program  has  been  the  determina¬ 
tion  at  the  corroaive  nature  of  samples  obtained  from  fuel  sumps  of  aircraft  at  various 
strategic  locations. 
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During  the  course  of  this  program,  other  effective  methc  .s  of  controlling  g 
and  minimizing  attendant  difficulties  have  been  brought  to  light  by  the  Air  Force,  this 
has  occurred  as  a  result  of  a  better  understanding  of  the  total  problem.  Such  approaches 
as  better  househ  .’eping  and  improved  fuel  handling,  storage,  and  filtration  have  been 
used  quite  successfully.  One  of  the  main  reasons  for  a  reduction  in  concern  regarding 
microbial  growth  has  been  the  biocidal  effect  of  the  ethyiene  glycol  monomethyl  ether 
component  of  the  anti-icing  additive  now  used  in  jet  fuels  In  spite  of  this,  alui.  inuni 
corrosion  remains  as  a  possible  serious  difficulty  in  fuel  sumps  and  low  spots  of  tanks 
of  idle  aircraft.  Thus,  adequate  protection  of  metal  surfaces  by  means  of  effective 
coatings  is  still  of  prime  importance. 
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IV  * 


SUMMARY  AND  CONCLUSIONS 


Commercial  coating  materials  to  be  evaluated  in  the  program  originally  outlined 
were  those  used  or  considered  for  use  on  anodized  or  Iridited  treated  707  5-T6  alumi¬ 
num.  In  November,  1963,  the  study  was  broadc.^d  at  the  request  of  the  Research  and 
Tecnnology  Division  to  include  coatings  for  steci  ( 'pecification  QQ-S-636)  used  in  ground 
storage  tanks  and  fuel  carriers.  A  total  of  26  coatings  and  sealants  were  exposed  to  an 
environment  designed  to  promote  gr  "vth  01  se'ected  microorganisms.  These  coatings 
and  sealants  included  materials  ronresentative  of  the  following  classes:  Buns.  N,  one- 
and  two-part  polyurethane,  polysulfide,  nylon,  furan,  inorganic  zinc,  epoxy-poly  sulfide, 
epoxy,  fluoropolymer,  silicone,  and  fluorinated  silicone. 

One  hundred  twenty- seven  cultures  of  microbial  isolates  from  jet  fuel  were  re¬ 
ceived  from  various  "ources.  Of  these,  34  grew  well  in  a  simulated  aircraft  fuel-tank 
environment  connis*  •  of  JP-4  fuel,  water,  and  an  aluminum  adaptation  strip  covered 
with  representative  ^  rating  and  sealant  materials.  The  live  most  active  microorganisms 
were  selected  for  use  in  mixed  inoculum  experiments  used  throughout  the  research  pro¬ 
gram.  These  were  throe  pseudomonad  bacteria  and  two  fungus  specie*  of  the 
Hormodendron-Gladosporium  grouD. 

Growth  ultimately  appeared  on  c.11  coatings  not  protected  by  biocidal  additives. 

This  usually  occ  rreti  within  7  day*  of  exposure  to  the  mixed  microbial  system.  Crtiain 
materials,  howe  »r,  apparently  contained  inhibitory  components  which  delayed  profuse 
growth.  A  furan-type  and  an  epexy /polysulfide  coating  retarded  growth  attachment  for 
up  to  28  days,  a  dichromate-cuied  poiysulfie*  for  '8  days,  and  an  apoxy  for  up  to  56 
days.  In  spite  of  the  attachment  of  growth,  there  was  little  visual  evidence  ol  coating 
damage  after  long-term  exposure  to  fuel  and  water  mixtures  containing  microorganisms. 

Various  means  were  in”fstigated  for  evaluating  outings  as  a  result  of  the  difficulty 
encounter  -d  in  detect'-.;;  damage  or  change  resulting  from  microbial  expoiur-',  These 
method*  included  a  pencil-hardness  test,  light  microscopy,  electron  microscopy,  pent- 
tration  test*,  moisture-vapor  transmission  measurements,  a  dye  technique,  an  electro¬ 
graphic  method,  and  measurement  of  electrolytic  resistance.  The  latter  appeared  to 
offer  the  greatest  promise,  and  in  some  instances  provided  the  only  means  of  noting  a 
deleterious  effect. 

Th<  use  of  biocidal  additives  wa*  investigated  as  a  mean*  of  preventing  attached 
growth  and  possible  attendant  deteriorative  eflrcts  or  coatings.  A  two-component 
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polyurethane  coating  for  aluminum  and  an  epoxy  coating  for  steel  were  specified  by  RTD 
for  this  study.  Biocidal  additives  were  solicited  from  a  variety  of  sources,  and  92  such 
materials  were  screened.  Certain  of  the  more  common  commercial  products  of  thia 
nature  were  unsatisfactory  for  this  purpose  because  of  general  requirements  for  low 
fuel  and  water  solubility  plus  the  necessity  for  avoiding  heavy  metals,  halogens,  or 
sulfur  thought  to  be  corrosive  or  damaging  to  aluminum  or  to  engine  parts. 

The  study  has  also  been  concerned  with  an  investigation  of  the  possible  adverse 
effect  of  biocidal  additives  for  fuel  on  elastomers,  bladder  cell  materials,  repair 
cements,  and  coatings  used  in  aircraft  fuel  systems.  The  fuel  biocides  were  developed 
in  programs  conducted  elsewhere.  With  one  exception,  the  three  biocide  additives  sub¬ 
mitted  to  Battelle  by  RTD  were  found  to  be  compatible  with  the  fuel-system  components. 
The  exception  involved  an  apparent  embrittlement  of  a  nitrile  rubber  compound  in  the 
presence  of  a  biocide  identified  as  arsenosobenzene. 

A  number  of  important  conclusions  have  been  reached  as  a  result  of  this  research 
program  and  the  following  points  are  emphasized: 

(1)  Attached  growth  appeared  on  all  coatings  or  sealants  not  protected  by 
biocidal  additives.  This  occurred  usually  within  a  T-day  period,  although 
certain  products  inhibited  growth  for  periods  up  to  56  days. 

(2)  In  microbial  exposures  of  1  year,  no  gross  deterioration  has  been  noted 
in  any  of  the  coatings  or  sealants  investigated. 

13)  There  is  some  evidence  of  minor  change  in  coatings  on  continued  exposure 
to  microorganisms,  as  shown  by  a  sensitive  method  for  measuring  the 
elect -olytic  resistance. 

(4)  Most  phyrical  properties  of  a  two-component  polyurethane  coating  are  not 
app  rently  affected  by  the  addition  of  up  to  20  parts  of  a  selected  biocide, 
i'hc  biocide-containing  coating  passed  major  quslJication  tests  of 
MIL-C -27725 A,  such  as  fuel  and  water  resistance  and  low-temperature 
flexibility. 

(5)  One  b  ocide  has  been  found  which  has  performed  wail  at  concentrations  as 
low  S  p'  ts  per  100  parts  of  polyurethr.ne  coating.  A  second  biocide  was 
found  which  provided  protection  at  a  10-part  level. 

(o)  The  most  effective  biocide,  an  organic  thiocyanate,  prevented  growth  for 
240  dnys  on  both  a  two-part  polyurethane  find  an  epoxy  coating  in  the 
presenco  .1  the  mixed  .m^robial  inoi.jlum.  When  the  exposure  medium 
of  fuel,  water,  and  mic  roorgsn.sms  was  replaced  every  tenth  day,  this 
biocids  *•«,.  continuing  :o  provide  protection  for  the  :ceting  after  40  days, 

(7)  There  is  .rong  evidencs  that  ths  pH  of  a  fuel-watei  mixture  becomes 
progressively  lower  as  microbial  growth  increases  This  confirms 
the  ai  apected  relationship  between  growth  and  corrosion  and  indicates 
a  naed  for  effective  surface  coatings. 
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All  water  bottoms  collected  from  SAC  bases  were  corrosne  to  untreated, 
anodized,  or  Iridite-treated  7075-T6  aluminum.  On  exposure  of  Buna  N  and 
polyurethane-coated  aluminum  specimens  to  these  water  bottoms,  blisters 
occurred  in  the  case  of  the  Buna  N  material  while  the  polyurethane  coating 
was  not  affected  visibly. 


RECOMMENDATIONS 


At  the  outset  of  this  study  it  was  believed  that  microorganisms  were  playing  an 
active  role  in  deterioration  of  coatings  for  integral  jet-fuel  tanks  and  in  metal  corrosion 
subsequent  to  this.  During  the  course  of  the  work,  however,  thinking  changed  some¬ 
what.  First,  it  has  not  been  shown  conclusively  in  laboratory  studies  that  gross  degra- 
ation  of  coatings  occurs  as  a  result  of  exposure  to  typical  microorganisms.  Second,  as 
mentioned  elsewhere  in  this  report,  certain  other  approaches  have  been  used  quite  ef¬ 
fectively  to  control  growth  in  fuel  systems.  However,  the  presence  of  microbial  growth 
in  fuel  systems  is  certainly  undesirable,  and  further  means  for  its  control  would  be 
of  considerable  advantage  especially  under  extreme  circumstances  such  as  during  pro¬ 
longed  military  action  or  in  tropical  areas.  Thus,  it  will  be  desirable  to  take  advantage 
of  knowledge  gained  as  a  result  of  this  program  and  other  related  ones.  In  order  to 
realise  the  greatest  benefit  from  this  work,  the  following  recommendations  are  made: 

(1)  Certain  established  biocides  which  have  been  used  on  an  industrial  scale 
for  many  year*  have  not  been  effective  as  microorgarisrr-controlling 
additives  for  fuel-tank  coatings.  On  the  other  hand,  certain  other  addi¬ 
tives  not  well  known  as  biocides  have  performed  well.  The  reasons  for 
this  are  not  understood  and  should  be  investigated. 

(Z)  Continue  environmental  exposures  of  preferred  biocides,  with  special 
emphasis  on  those  materials  identified  as  AC-1  and  AC-3.  These 
(particularly  the  latter  material,  which  was  received  late  in  tho  program) 
should  be  more  thoroughly  tested  to  obtain  performance  data  at  minimum 
effective  levels. 

(3)  Evaluation  of  selected  coatings  with  and  without  biocides  should  be  carried 
out  in  fuel-water  mixtures  containing  known  corrosive  ions  or  agents 
found  in  fuel  samplts.  This  should  be  done  in  the  pretence  end  absence 
of  microorganisms  selected  in  this  study.  Results  of  such  a  tsst  will 
supply  additional  evidence  needed  to  confirm  or  dieprove  the  active  role 
of  n.'.croblal  action  in  corrosion. 

(4)  Oii*i  o t  the  more  important  conclusions  reached  in  this  work  has  been  the 
fact  that  coatings  are  needed  with  improved  resistance  to  water,  better 
adheeion  to  metal  surfaces  under  adverse  conditions,  and  greater  ease 
of  handling.  A  single-component  material  would  be  of  great  advantage. 
Preferably,  such  a  coating  should  be  inherently  biocidal  -  at  least  to 
the  extent  that  growth  would  not  attach  to  it.  It  is  recommended  that 
developments  along  this  lins  be  considered.  From  knowledge  presently 
at  hand,  it  is  believed  that  certain  more  conventional  coating  materials 
not  presently  used  in  aircraft  might  be  adapted  advantageously  for  this 
purpose.  An  example  would  be  the  tur.g  oil  phenolic  varnishes. 
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EXPERIMENTAL  WORK 


Coatings  and  Sealants  Evaluated 

At  the  beginning  of  this  study,  the  jet-fuel  problem  was  especially  apparent  in 
integral  wing-tank  sections  of  aircraft.  Consequently,  initial  studies  were  made  with 
sealants  and  coatings  commonly  used  in  wing  tanks  of  Air  Force  planes.  These  included 
polysulfide  sealants,  a  Buna  N  coating,  and  a  two-part  polyurethane  topcoating.  Later, 
other  coating  materials  were  added  to  the  study  to  cover  as  many  representative  mate¬ 
rials  as  possible.  Such  diverse  types  of  coatings  as  silicones,  nylons,  one-part  poly¬ 
urethanes,  epoxies,  and  others  were  included.  Several  of  these  were  not  intended  by 
their  manufacturer  as  wing-tank  coatings.  Nevertheless,  it  was  felt  desirable  to  include 
them  in  the  study  to  have  as  much  information  as  possible  on  the  microbial  resistance  of 
various  types  of  coatings.  In  addition,  part  way  through  the  program  it  was  decided  to 
extend  the  study  of  microbial  resistance  to  coatings  typical  of  those  used  on  the  interior 
of  steel  ground-storage  tanks  and  fuel  carriers.  Consequently,  six  coatings  of  this  type 
w  'titled  to  the  study.  This  gave  a  total  of  26  coatings  that  were  evaluated  for  resis- 
t  >  microorganisms.  Coatings  and  sealants  used  in  the  study  have  been  given  a 

t  >1  otter  designation  throughout  this  report.  A  list  of  theae  materials  is  given  in 

1...  1,  which  also  includes  the  chemical  type  and  intended  service  for  the  material. 

TABLE  1.  COATINGS  AND  SEALANTS  FOR  ALUMINUM  AND  STEEL 
Code  IcnciM  Type  Cede  Ltiiti^1*  Type _ 


A 

•u.u  N 

0 

£poay/polyauifid« 

B 

Two-pjrr  polyurcttutw 

It 

Polyurethane 

c 

Polyiulfhle 

s 

Fluoropolymer 

D 

Pulysulfide 

T 

Fluor  lasted  nllcooc 

E 

Onc-p*u  polyurrifunc 

U 

Epoay 

F 

Oiw-puft  polyursthioc 

V 

Epoay 

G 

One  pm  polyurethane 

w 

Epery 

II 

Nylon 

X 

Si  l  irons 

1 

Furin 

T 

Fluuropoly. 

J 

Futsn 

l 

Fluor  opolymsr 

K 

Ooc-put  polymihiM 

1. 

Inorganic  line 

*•1 

Polysulfid*.  mangaoer:  cur* 

M 

tfpoa) 

SI 

Polysulfid*.  dkhromaru  am 

N 

Epoay 

SI 

PoIysellMk.  rtung  ana*.  cur* 

O 

Epoay 

M 

Polysulfid*.  I**d  cur* 

P 

Epoay 

(■>)  .\  l  ire  witingi;  S-'  —  S-t  »r«  Mslistt. 

Holy  sulfide  sealants  were  not  included  in  the  mixed  microbial  exposure*  becauae 
the  Air  Force  reportedly  ha*  never  experienced  microbial  degradation  of  thee#  mate¬ 
rials.  However,  two  coatings,  similar  in  composition  to  sealant*  but  thinned  to  permit 
their  use  as  coatings,  were  included  in  the  study.  Thus,  information  on  the  microbial 
resistance  of  polyscifides  has  been  obtained.  In  addition,  the  polysulfid*  sealant*  were 
used  in  other  perti  n«  of  the  study  dealing  with:  (1)  the  effect  of  the  addition  of  biocides 
to  sealants  and  coatings,  and  {’}  the  effect  of  incorporation  of  a  biocide  in  the  fuel  on  the 
physical  properties  of  sealants  and  other  fuel-system  elaetomr  rs.  These  other  elasto¬ 
meric  materials  are  listed  in  the  section  on  biocides  under  the  heading  Effect  on  Physi¬ 
cal  Properties  of  Coating. 
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All  coatings  used  in  microbial  studies  were  applied  to  aluminum  specimens  by  a 
fill-and-drain  method.  Aluminum  specimens  consisted  initially  of  1  x  5-inch  panels  of 
0.050-inch  7075  T6  aluminum.  It  was  found  later  that  coating  failure  most  often  started 
at  the  edge  of  these  panels.  To  avoid  this  edge  effect  and  thus  improve  reproducibility 
of  test  results,  subsequent  specimens  were  prepared  using  3/8-inch  aluminum  rods 
5  inches  long,  radius  rounded  at  one  end.  Before  applying  coatings,  aluminum  speci¬ 
mens  were  cleaned  according  to  the  method  described  in  Paragraph  4.  6,  2.  2  of  MIL-C- 
27725  USAF,  This  consists  essentially  of  a  solvent  wipe,  using  a  mixture  of  eater, 
ketone,  alcohol,  and  hydrocarbon  solvents.  Both  Iridited  and  anodized  rods  were  used 
in  the  study. 

A  fill-and-drain  method  of  applying  the  coatings  to  the  aluminum  specimens  was 
selected  because  it  gave  a  more  uniform  coating  than  one  applied  by  brush  and  fewer  air 
bubbles  than  occurred  with  air- sprayed  coatings.  The  fill-and-drain  procedure  is  used 
in  applying  coatings  to  some  Air  Force  planes.  The  laboratory  apparatus  consisted  of  a 
glass  container  holding  two  aluminum  specimens  suspended  vertically.  The  container 
was  filled  with  a  coating  and  then  slowly  drained  through  a  valve  in  the  bottom.  All  coat¬ 
ings  were  air-dried  at  room  temperature,  according  to  directions  from  the  manufac¬ 
turer.  In  most  cases  this  amounted  to  a  drying  period  of  7  days.  However,  a  two-part 
polyurethane  (Coating  B)  required  a  14-day  cure. 

Polysulfide  sealants  were  used  in  some  studies  involving  biocide  compatibility  and 
certain  other  tests  described  in  this  report.  These  sealants  were  applied  to  both  anod¬ 
ized  and  Iridited  aluminum  panels,  the  size  of  the  panel  being  specified  in  MIL-£-8802C 
or  MIL-C-27725A,  All  test  panels  wero  cleaned  using  the  solvent  described  above. 
Sealants  were  mixed  in  a  Semco  Model  1350  mixer,  and  placed  in  cartridges  for  extru¬ 
sion  on  test  panels  using  a  Semco  No.  250  gun.  In  some  cases,  coated  panels  ware 
placed  in  Teflon-coated  molds  to  insure  uniform  thickness  of  the  cured  seaiant,  Sealants 
were  air-cured  at  room  temperature  for  14  days  before  testing. 

Microbiological  ytudies 

Acquisition.  Culture,  and 
Adaptation  of  et-Fuel  Isolates 

One  hundred  twenty-seven  cultures  of  jet-fuel  isolates  were  received  from  various 
organisations.  Identifications  of  the  microorganisms,  their  source,  and  their  degree  of 
growth  upon  modified  Bushnell-Haas  (B-H)  agar  medium  slants  overlaid  with  Searsport* 
JP-4  fuel  (system  described  below)  are  presented  in  Table  2. 

A  maiortu  '  the  microorganisms  were  IdentiPed  by  previous  workers  at  least  as 
to  genus,  and  s  number  were  identified  ae  to  genua  and  specie#.  With  the  exception  of 
B-S5  and  B-62  through  B-65,  all  appear  to  be  pure  culture#.  All  isolates  received  in 
jet-fuel  culture  grew  well  in  the  jet-fuel  culture  ayetem  described  below.  However, 
difficulty  in  obtaining  good  growth  wse  experienced  with  those  received  on  etandard 
laboratory  media.  Only  two  isolates  (8-86  and  B-67)  graw  well  in  fuel  on  the  first  at¬ 
tempt  when  transferred  from  standard  laboratory  media. 

The  initial  tranafera  were  made  from  original  cultures  into  a  B-H  alant  jet-fuel- 
culture  system.  Prescription  bottles  (8-os)  were  selected  as  the  most  suitable  for  this 

•|r-a  f»«l  (rwri  teanpon.  Mania.  ««  ih»w»|fieiit  ih«  pregiam. 
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TABLE  2.  IDENTIFICATION.  SOURCE,  AND  GROWTH  IN  FUEL  OF  MICROORGANISMS  MAINTAINED 
IN  STOCK  CULTURE  FOR  USE  IN  JET  FUEL-ELASTOMER  STUDIES 


Battelle 

Code 

No.'*) 

Other 

Code  No,(b) 

Identlficition 

Other  Information 

Growth  in  Fuel 
Culture  System 
at  30  C, 

14  d*ys(c) 

8-1 

191-4 

Bacillus  ceieui 

♦ 

B-2 

513-4 

B.  cereui (eat,  I 

♦ 

B-3 

099-12 

B.  mes*thetlum 

♦ 

B-l 

O30-Hy4b 

B.  megatherium  (v»t  1 

+ 

B-5 

189-1 

Atoiomonai  insoiita 

t 

B-6 

2606-25 

Micrococcus  ip. 

* 

B-1 

2606-24 

Staphylococcus  epidermltis 

♦ 

B-6 

200C-36 

Staphylococcus  epidermms  (var. ) 

♦ 

B-9 

106-9 

Pseudomonas  ip. 

♦ 

B-lU 

636-11 

Pseudomonas  sp. 

+ 

B-ll 

108-6 

Pseudomonas  sp. 

♦ 

B-12 

241 -A3* 

No<  identified 

Coiotlets  yeast 

♦ 

B-13 

189-3 

Ditto 

Ditto 

♦ 

B-H 

169-10 

•* 

♦ 

B-l 

189-5 

- 

■ 

4 

B-10 

R-3 

Bacillus  ip. 

Opaque  focm 

4 

B-n 

1-11 

Bacillus  sp. 

Mucoid  focm 

♦ 

B-1B 

R-12 

Pseudomonas  acniiinou 

♦ 

B-10 

R-l 

Not  identified 

"Green  fungus" 

♦ 

S-2u 

1-4 

hoemodendion  sp. 

"■town  fungus" 

8-21 

R-5 

Not  Identified 

"Gray  fungus  ' 

44 

n-22 

R-; 

Dino 

'  Yellow  -green  fungus" 

- 

1-23 

1-1 

AipaniUus  sp.  (1) 

"Hack  fungus" 

4 

B-24 

NRL-HC-20b 

PenletUlum  sp. 

4 

B-2S 

NIL -re 

Norm  ode  ndroo  sp. 

* 

1-20 

NIL-f  II 

Hormodendcon  sp. 

B-21 

NlL-F-2b-30 

Fuurlum  sp. 

♦4(d) 

1-5P 

N1L-HC-32 

Aspettillui  >p. 

• 

I-2S 

OM-1121 

Gsdotporiu..  ttsinec  f.  amllancum 

♦s-tf1*) 

1-30 

CM-1911 

C.  tetitsee  f.  atcllaneum 

♦ee 

B-31 

OM  012 

C,  tesinee 

44* 

1-32 

OM  013 

C.  retinae  f.  evelleneum 

444 

1-33 

QM-11TT 

Wl»b*« 

444 

1-34 

OM-1129 

Paectlomyces  venott 

4  ;U> 

!-3i 

OM-PC09 

P.  eetloti  (vat. ) 

♦ 

1-30 

OM-401S 

A  tetraui 

« 

1-31 

OM-8011 

SyrKepbs'eprum  reremosum 

• 

l-3f 

QM-P2II 

Chaetomtum  indlcum 

’ 

1-39 

2*e 

Not  identified 

HlN) 

»-40 

21b 

Pievdomeoet  ip. 

444^) 

•-4I 

30 

Pseudomonas  sp. 

- 

1-42 

JS 

Pseudomonas  ip. 

•  44^> 

1-43 

lii* 

N«  identified*! 

444«) 

1-44 

nob 

Pseudomonai  US. 

4«t 

1-43 

mu 

Not  identified 

4 

1-46 

114b 

lentil*  *. 

4 

1-41 

l»<c 

Pseudotrsotsat  sp. 

* 

1-44 

IMAb 

Pseudomonas  sp. 

44 

1-49 

190* 

Not  identified 

'«•(<) 

1-W 

I90A* 

Onto 

«* 

199b 

Pseudomonas  sp. 

♦  « 

TABLE  2.  (Continued) 


Battclle 

Code 

No  .<*> 

Other 

Code  No.  (b) 

Identification 

Other  Information 

Growth  ut  Fuel 
Culture  System 
at  30  C 

14  days(c) 

B-S2 

202* 

Not  identified 

♦♦ 

R-53 

327Hb 

Aerobacter  aerocenet 

■f 

B-54 

RBi 

Pieudomonai  id. 

♦♦+(<*) 

8-55 

— 

Hormodendron  id. 

B-56 

17  N.E.  Tank 

Not  identified 

Gram  +,  rod 

+ 

B-57 

18  H.T. 

Ditto 

Gram  +,  diplococcui 

+ 

B-58 

111  N.  E.  Ttnk 

Small  gram  >  rod 

♦ 

8-59 

550T-22.  308  Sine. 

Pieudomonai  id. 

♦ 

B-60 

550T-22.  251  No.  1 
Sine. 

Not  identified 

Short  rod 

•f 

B-61 

20  U.N.E.  Tank 

Ditto 

Small  gram  -  tod 

+ 

8-62 

"Polyester  culture" 

Bacterium 

m(d) 

8-63 

"Aluminum  culture’ 

Ditto 

B-64 

"Zinc-Iron  culture" 

♦♦♦ 

8-65 

"Methane  bacterd 
culture" 

8-66 

None 

Pieudomonas  aeruginosa 

- 

8-67 

" 

Hormodendron  dadotDotoldei 

♦♦♦«■> 

8-0? 

" 

□oitrldlum  tpmosenci 

8-68 

“ 

Siiiiaerotilui  natani 

8-70 

" 

Dciulfovibrto  dtnilfuricani 

8-71 

UD-1 

Not  identified 

Gram  -  coceui 

8-72 

UD-2 

Ditto 

Gram  ♦,  coccui 

8-73 

UD-4 

- 

Gram  ♦,  rod 

8-74 

L'D-5 

Gram  ♦.  rod 

8-75 

UD-6 

- 

Gram  ♦,  rod 

8-76 

l'D-7 

“ 

Gram  ♦,  rod 

8-77 

L'D-8 

Gram  ♦,  rod 

8-7* 

UD-9 

• 

Gram  *.  coccui 

8-79 

UD-11 

- 

Gram  -,  rod 

8-80 

UD-12 

Cram  -,  rod 

8-81 

UO-U 

Stttptocnycei  ip. 

8-82 

un  17 

Asiuamtaitp 

8-83 

U  -1* 

Net  identified 

Gram  -.  rod 

8-84 

l  -1* 

Anhrobacter  id. 

Cram  -.  rod 

8-85 

UD-20 

Not  ideMifled 

Cram  *,  rod 

9-M 

1)0-21 

Ditto 

Gram  ♦,  rod 

♦ 

1-97 

UD-22 

- 

Cram  ♦.  rod 

8-8* 

UO-23 

- 

Gram  ♦.  rod 

8-89 

VO-24 

Gram  ♦.  rod 

8-90 

UD-28 

- 

Gram  ♦.  rod 

8-91 

UD-2* 

* 

Gram  ♦,  rod 

9-92 

1)0-27 

Gram  ♦,  rod 

8-93 

CD-28 

Gram  •,  coccui 

8-94 

UD-2* 

Gram  ♦,  coccui 

8-95 

UO-30 

Gram  ♦  ,  ad 

9-96 

VO-31 

Gram  ♦.  rad 

8-97 

VO-32 

Gram  ♦,  rod 

9-9* 

UD-3J 

Gram  *.  rad 

9-99 

VD-34 

Gram  -.  coccui 

• 

TABLE  2.  (Continued) 


Handle 

Code 

No.  W 

Other 

Code  No.  <b) 

Identification 

Other  Information 

Growth  in  Fuel 
Culture  System 
at  30  C 

14  days(c) 

B-l  00 

11-1 

Aerobacter  aerogenes 

++♦ 

B-101 

0-2 

Escherichia  coii 

- 

B-102 

B-3 

Pseudomonas  aeruginosa 

- 

B-103 

B-o 

Staphylococcus  aureus 

- 

B-104 

B-8 

Bacillus  cereus 

- 

B-105 

B-9 

Bacillus  subtllis 

- 

B-10G 

B— 1 1 

Proteus  vulgaris 

- 

B-107 

B-12 

Pseudomonas  fluorescens 

- 

B-108 

B-13 

Sarcina  lutca 

- 

B-l  09 

B-l-t 

Serratla  marceseens 

- 

B-110 

B-15 

Staphylococcus  albus 

B-lli 

B-17 

Micrococcus  radlodurans 

- 

B-112 

B-18 

Not  identified 

Aluminum  corrosion 

No.  308 

• 

B-113 

B-19 

Ditto 

Aluminum  corrosion 

No.  304 

• 

B-114 

B-20 

Flavobacterium  arburesceus 

B-115 

B-21 

Sphaerotilus  natans 

B-11G 

B-22 

Clostridium  sporogcncs 

B-l  17 

Y-l 

Rhodotorula  rubra 

+ 

B-l  18 

F-l 

Spicarla  violacea 

B-119 

F-2 

Fusarlum  roseum 

B-120 

F-3 

Aspergillus  nlger 

B-121 

F-4 

Cladosporium  retinae 

+++ 

B-122 

F-5 

Aspergillus  tamarii 

B-123 

F-G 

Penicillin  orchrochloran 

B-124 

F-7 

Altcrnaria  tenuis 

B-125 

F-8 

Fusarlum  monlliforme 

B-126 

F-9 

Chaetomium  clobosum 

B-127 

UD-15 

Not  identified 

(a)  Coded  as  received. 

(b)  The  sources  for  the  cultures  were: 

B-l  through  B-  (The  Boeing  Company,  Wichiu) 

B-16  through  I  -23  (Mellon  Institute) 

B-24  through  B-28  (Naval  Research  Laboratory) 

8-29  through  B-38  (Quartermaster  Research  and  Engineering  Center) 
B-39  through  B-5S  (U.  S.  Army  Biochemical  Laboratory) 

B-56  through  B-Gl  (Quartermaster  Research  and  Engineering  Center) 
B-G2  through  B-G5  (Thermoline  Company) 

B-G6  through  B-G7  (The  Boeing  Company,  Seattle) 

B-C8  through  B-G9  (The  University  of  Dayton) 

B-70  (G570th  Aerospace  Medical  Research  Laboratory) 

0-71  through  B-127  (The  University  of  Dayton). 

(<:)  Tlic  symbols  represent: 

-  ■  no  apparent  growth 

♦  ”  slight  growth 

♦+  ■  moderate  growth 
♦s  s  ■  good  growth 

(d)  Evaluated  In  pure -culture  studies  of  elastomer  deterioration. 

(c)  Tentatively  Identified  as  Pseudomonas  sp. 
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kind  of  culture.  The  slants  were  prepared  by  heating  B-H  agar  medium  so  that  the  agar 
was  dissolved,  pouring  40  milliliters  of  the  medium  into  the  bottles,  autoclaving  the 
loosely  capped  bottles  at  121  C  for  20  minutes,  and  then  placing  the  bottles  at  an  appro¬ 
priate  angle  before  the  agar  had  set.  When  the  agar  had  set,  40  milliliters  of  JP-4  jet 
fuel  (sterilized  by  Seitz  filtration)  containing  0.  15  per  cent  anti-icing  additive  98/2')' 
(Union  Carbide  Ucar  Fuel- Additive)  was  aseptically  introduced  into  the  bottle  by  means 
of  a  Filamatir.  automatic  pipetter.  Liplicate  transfers  of  the  cultures  were  made,  the 
bottles  incubated  at  30°C,  and  observations  ofgrowthmade  at  various  times  up  to  28  days. 

Subsequent  transfers  of  the  cultures  were  made  with  the  above  culturing  system, 
except  that  sterile  elastomer  strips  (described  in  the  following  section)  were  included  in 
the  culture  setup.  This  was  done  to  assure  the  continuing  polymer-degrading  capability 
of  the  cultures.  A’)  subsequent  transfers  of  stock  cultures  were  made  in  this  manner. 
The  culture  system  is  described  in  Figure  1.  Typical  fungus  and  bacterial  growths  are 
shown  in  Figures  2  and  3. 

In  addition  to  being  cultured  in  the  above  bottle  culture  system,  the  isolates  were 
carried  on  test-tube  slants  of  tryptone  glucose  extract  (TGE)  +  0.  1  per  cent  Difco  yeast 
extract,  or  other  special  laboratory  media.  Media  used  in  these  studies  are  given  in 
the  Appendix  (page  99). 

The  B-H  mineral  salts  medium  recommended  for  use  in  these  studies  is  satisfac¬ 
tory  in  most  respects.  However,  two  disadvantages  of  the  medium  are  (1)  lack  of  minor 
elements  which  are  often  essential  to  optimum  microbial  growth  and  (2)  a  precipitate  of 
moderate  proportions  which  makes  difficult  visual  evaluation  of  the  degree  of  microbial 
growth  in  this  medium.  The  precipitate  is  probably  composed  principally  of  insoluble 
iron  salts.  Fcr  the  above  reasons,  several  micrometabolic  solutions  containing  iron 
were  consid-'-ed  as  a  supplement  for  the  B-H  medium  and  as  a  substitute  form  of  iron. 
The  one  finally  chosen  was  ?  modified  version  of  the  "micrometabolic  element  solution" 
of  Hoagland  and  Arnon‘,"),I  containing  a  chelated  form  of  iron***.  This  solution  has  been 
used  in  other  microbiological  studies,  and  is  relatively  easy  to  formulate  in  comparison 
with  others  considered.  Thu  precipitate  problem  in  the  B-H  was  minimized  but  not  com¬ 
pletely  eliminated  with  this  supplement.  Comparative  studies  were  not  conducted,  but 
the  presence  of  the  minor  e'ements  undoubtedly  provided  a  better  medium  for  microbial 
growth.  This  supplement  is  described  in  the  Appendix  in  the  section  entitled  Laboratory 
Medic.  The  r  idified  B-H  was  used  as  a  stock  culture  medium  and  as  a  medium  in  all 
subsequent  experiments.  It  has  bean  noted  iha>  the  B-H  medium  has  a  moderate  buffer¬ 
ing  effect 

All  isolates  have  grown  well  on  the  TOC  nutrient  agar  or  appropriate  special 
media.  However,  as  noted  in  T;.  lie  2,  more  then  half  of  the  isolates  grew  only  slightly 
or  not  at  all  when  introduced  into  a  culture  system  containing  jet  fuel.  It  is  believed  that 
the  reason  for  this  is  that  although  most  of  these  micioorganisms  were  isolated  origi¬ 
nally  from  kc-rosene- type  fuels,  they  lost  the  ability  to  utilize  fuel  as  a  nutrient  source 
when  cultured  on  standard  laboratory  media  such  a*  TGE. 

Sixteen  isolates  were  selected,  on  the  basis  of  their  ability  to  grow  in  the  above 
culture  system,  (or  further  pure  culture  s,udy  oi  the  deterioration  of  selected  sealants 
and  coatings.  This  is  described  in  a  later  section. 

•AtWliivc  lonuiR)  SS  t>cr  cent  ethylene  glycol  mooomciliyl  cl.ier,  C  pei  vent  glycerin... 

"Hoaglsnd.  D.  R. ,  and  Atnon.  D.  I. .  Univctniy  of  California  Agrirultute  Experiment  Station  Circular  No.  H  I  (H3H). 
enucittcnc  .130,  Cclgy  Chemical  Company. 
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FIGURE  i.  DIAGRAM  0'r  STOCK-CULTURE  SYSTEM  USED  TO  ADAPT 
MICROORGANISMS  TO  GROWTH  IN  SEARSPORT  JP-4  JET 
r\)Eu  IN  THE  PRESENCE  OF  COMPOSITE  ELASTOMER 
STRIPS 


FIGURE  2.  STOCK -CUtTURE  FUNGAL  GROWTH 
(8-29,  CUdosponum  retinae  fotmi 
avellaneum) 

Stock-culture  lyttem  diagrammed  In 
Figure  1. 


rioiiRi  j.  stuck -cultur*  mcthbal  growth 

(•-44,  Rwtfdomomi  tp. ) 


Attempts  were  made  to  adapt  nonjet-fuel  isolates,  namely  O  ^stridium  sporogenes 
(B-68),  Sphaerotilus  natans  (B-61)),  and  Deaulfovibno  desulfuricans  (B-70)  to  "normal" 
growth  in  fuel.  These  attempts  were  not  successful.  The  observation  was  made  that 
the  addition  of  Searsport  JP-4  (10  per  cent  by  volume)  jet  fuel  to  API  sulfate- reducing 
broth  apparently  did  not  affect  the  ability  of  D.  desulfuricans  to  grow;  but,  the  ability  to 
reduce  sulfates  (as  judged  by  the  development  of  black  precipitate  in  the  medium)  was 
completely  inhibited.  Since  this  was  outside  the  scope  of  the  project,  no  further  investi¬ 
gation  of  this  observation  was  made. 


Specimen  Sterilisation 


Elastomer  strips  used  in  adapting  the  growth  of  microorganisms  for  polymer- 
degradation  tests  were  prepared  by  casting  a  polysulfide  sealant  onto  1.0  x  7.5-cm 
pieces  of  0.050-inch  aluminum.  After  the  sealant  had  cured,  Coatings  A  (Buna  N)  and 
B  (urethane)  were  individually  brush  coated  along  the  edges  of  the  sealant-coated  alumi¬ 
num  strip.  Thus,  the  strips  consisting  of  a  sealant  and  two  different  coatings  present 
surfaces  for  microbial  growth.  These  and  other  coatings  used  in  these  studies  are 
coded  in  Table  l. 

The  adaptation  strips  were  placed  individually  in  glass  test  tubes  which  were 
stoppered  with  Bacti-Caps*.  The  strips  were  then  sterilised  by  a  4-hour  exposure  to 
ethylene  oxide  at  57 "C  and  6  to  7  psi.  Sporedex**  strips  containing  viable  spores  of 
Bacillus  subtilis  var.  globigil  wers  plactd  in  several  tubes  along  with  the  adaptation 
strips  so  that  it  could  be  <)et*i— ntnsd  whether  the  ethylene  oxide  penetrated  aatisfactorily 
into  the  tubee.  This  bacterial  speciss  is  particularly  resistant  to  ethylene  oxide  sterili- 
aation.  Following  sterilization,  the  Sporedex  strips  wers  placed  in  eteriie  thioglycollate 
broth  contained  in  test  tubes  and  incubated  at  J0*C.  No  growth  occurred  in  the  broth 
tubee  during  4  days  of  incubation. 

Unsterilised  elastomer  atrip*,  as  well  ss  ethylene  oxide-  eterilized  elastomer 
etrips  (described  above)  were  individually  placed  on  B-Hplue  0,5  per  cant  glucose  agar 
or  nutrient  agar  (see  Appendix)  contained  in  petri  plates.  The  plate*  were  incubatod  at 
25  e  5*C  (room  temperature).  Only  occasional  bactarial  colonies  (unidentified)  occurred 
in  plate*  co.  aining  nonateriliaed  strips,  and  non*  occurred  in  plates  containing  steril¬ 
ised  elastor  .*r  strip*,  it  should  be  noted  that  only  (our  of  six  of  tha  nonateriliaed  atrip* 
yielded  microbial  contaminant*.  In  general,  only  a  few  microorganism*  per  atrip  were 
observed  when  growth  was  present.  Thi*  wa*  not  expected  because  considerable  handl¬ 
ing  occurred  during  preparation  of  the  elastomer  strip*.  Some  polymers  may  be  aell- 
ateriiiaing  during  the  curing  process. 

On  the  basis  of  t'';*«  studies,  exposure  to  ethylene  oxide  wa*  considered  to  be  a 
valiefactorv  method  of  sterilizing  these  particular  polymers  (or  use  in  maintaining  pre- 
culture  microbial  stock*  of  microorgsmems. 

Although  it  wa*  ahowi  that  the  ethylene  oxide  method  of  sterilisation  aatiafactorilv 
killed  the  scant  microbial  population*  presort  on  polymer  surface*,  there  we#  tome 
question  concerning  it*  possible  effect  on  specimen*  that  were  to  be  evaluated  for  micro¬ 
bial  deterioration.  Commercial  ethyltne  oxide  sterilant  it  a  mixture  of  gases  containing 


Vmencss  HUtytu)  laffty  C«S7«e*tM*. 
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about  11  per  ~ent  ethylene  oxide  as  the  active  component,  with  the  remainder  consisting 
of  various  h>  igenated  propellants.  These  gases  are  possible  solvents  for  certain 
polymers.  Some  work  reported  in  the  literature*  indicates  that  a  commercial  ethylene 
oxide  sterilization  would  attack  certain  plastics,  notably  cellulose  acetate  butyrate  and 
polystyrene,  while  nylon  was  unaffected.  Visual  observation  of  the  polysulfide  sealants 
and  polyurethane  and  Buna  N  coatings  used  in  the  present  study  showed  no  evidence  of 
degradation  after  ethylene  oxide  sterilization.  Hardness  measurements  also  gave  no 
indication  of  a  change  in  either  the  coatings  or  sealant.  However,  it  was  found  that  the 
water  resistance  of  the  polyurethane  and  Buna  N  coatings  was  improved.  It  may  be  as¬ 
sumed  that  this  improvement  is  the  result  of  further  cure  brought  about  by  exposure  at 
57 °C  during  sterilization. 

It  was  decided  to  use  nonsterile  panel  and  rod  specimens  in  subsequent  experi¬ 
ments  because  of  possible  adverse  effects  on  coatings  during  heat  or  ethylene  oxide 
sterilization.  Other  factors  considered  in  this  decision  were  the  low  microbial  popula¬ 
tions  found  on  freshly  cured  coatings  and  the  desirability  of  simulating  field  application 
of  the  coatings  as  closely  as  possible.  Care  was  taken  to  minimize  handling  test  speci 
mens,  thereby  limiting  contamination  during  coating  application  and  other  manipula¬ 
tions.  Rubber  gloves  rinsed  in  70  per  cent  ethyl  alcohol  were  used  during  all  handling 
.  .ocedures. 

Use  of  nonsterile  test  specimens  was  later  justified  in  that  less  than  5  per  cent  of 
noninoculatea  controls  have  had  volunteer  growth,  i.e,,  contamination,  when  placed  in 
jet-fuel  culture  systems. 
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Isolates  for  Permanent  Collection 

An  effort  was  made  to  establish  a  "permanen."  culture  collection  of  jet-fuel 
isolates.  That  is,  unidentified  microorganisms  were  given  at  least  tentative  identifica¬ 
tion,  and  identification  of  others  was  verified.  Thirty-turn  ■I'Vi’rrs  were  includod  in 
this  collection.  These  are  being  maintained  on  the  jet-fuel  subs’  v  »  for  future  micro¬ 
biology  studies.  Most  of  the  bacteria  in  the  culture  collection  .  nsrudomonads,  e.  3. 
B-39  through  B-54,  and  B-66.  The  last  mentioned  is  Pseudomonas  aeruginosa,  which 
fits  the  classic  characteristics  cf  that  organism  as  described  by  Bergey**.  While  many 
of  the  bacteria  sted  are  described  as  pseudomonads,  there  ware  soma  exceptions  based 
on  the  findings.  For  example,  B-39  had  all  Pseudomonas  characteristics  except  that  it 
is  oxidase  negative,  Recent  literature***  of  Pseudomonas  taxonomy  was  reviewed 
brief'y.  It  was  found  that  there  is  considerable  disagreement  in  this  field.  The  scheme 
of  Sh.'wan,  Hobbs,  and  Hodgkis j#***  appears  to  be  the  best  available  at  this  time.  By 
this  scheme,  four  unidentified  bacterial  cultures  (B-62  through  B-65)  were  Identified  as 
pseudomonads,  with  one  (B-63)  being  a  mixed  culture  of  Pseudomonas  sp  and  Vibrio  sp. 
These  four  were  previously  identified,  reepectively ,  as  “polymer  culture",  "sluminum- 
culture",  "zinc  iron  culture",  and  "methane  bacteria  culture".  Because  of  the  dis¬ 
agreement  among  workers  in  the  field,  no  attempt  at  species  identific  ation  w«s  made. 

•reiller,  J..  “Reaction  of  the  Sicilian!,  Fchylcnc  Oxide  oo  Plainer,  Appl.  Microbiol.,  3,  V 56  ( 1961). 

"•Breed,  R  S.,  Murray,  E.G.D.,  rod  Smith,  N  R. .  gctaey  i  Manual  of  Pcicrmmaiivc  Smcetloloev.  7rh  Edition,  London, 
Bailllcre,  Tindall,  end  Cox  ( 1957). 

"ATiaby,  W.  L.,  tad  Hadley,  C.,  Practical  labotatcey  Ten  foe  ;he  Idestlfictilon  of  Ptcudomonai  icrugteou" ,  J.  Bacterial. 

]±,  356-356  ( 1957). 

••^Shewin,  J.  M.,  Hobbt,  G.,  and  Hodgkin.  W.,  “A  Determinative  Scheme  foe  the  Identification  of  Cette  In  G.acta  .>f  Germ- 
Negative  Bacteria,  With  Special  Rcfeicacc  to  the  Piettdomonadaccac",  J.  Appl.  Sacrerlol.  73(3),  379-331  (December, 

196x1). 
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The  identification  of  all  fungus  cultures  was  verified  as  correct.  The  culture 
previously  referred  to  as  "Gray  Fungus"  (B-21)  was  identified  tentatively  as 
Hormodendron  sp. 


Isolation  of  Microorganisms  From  Coatings, 

Sealants,  and  Fuel 

Petri-plate  and  bottle  studies  were  conducted  on  individual  elastomer  components 
to  determin*  the  possible  presence  of  microbial  contaminants.  The  elastomer  com¬ 
ponents  were  evaluated  as  received  from  the  manufacturer,  i. «.,  they  were  aseptically 
removed  from  their  containers  immediately  fol  owing  the  initial  opening.  Sterile  glass 
rods  manipulated  by  means  of  sterile  forceps  were  used  in  obtaining  samples  for  the 
experiments.  This  was  necessary  because  of  the  viscous,  sticky  nature  of  some  of  the 
materials.  In  petri-plate  studies,  the  components  were  simply  smeared  on  the  surface 
of  the  agar.  In  bottle  (4-oz  prescription  bottle)  studies,  the  glass  rods  were  merely 
dropped  into  the  sterile  liquid  medium.  It  was  estimated  that  0.  5  to  1.0  g  of  material 
was  delivered  to  each  plate  or  bottle  in  this  manner. 

The  media  used  in  the  petri-plate  studies  were  B-H  agar  medium  and  the  same 
culture  met  im,  supplemented  with  0.5  per  cent  glucose.  Similarly,  the  bottle  studies 
were  conducted  with  B-H  liquid  medium  and  also  with  B-H  liquid  medium  supplemented 
with  0.  5  per  cent  glucose.  Three  samples  for  each  component  were  included  in  the 
petri-plate  studies,  and  duplicate  samples  were  used  in  the  bottle  ctudies.  The  plates 
and  bottles  were  incubated  at  26  *  5*C  (room  temperature)  and  observed  periodically  for 
growth. 

No  obvious  growth  occurred  in  the  bottle  studies,  but  evaluation  was  difficult  be¬ 
cause  of  precipitated  materials  from  the  B-H  medium  and  insoluble  materials  from 
many  of  the  elaetome\  component*.  For  this  reason,  0.  t-milliliter  aliquot*  of  the 
liquid  media  used  in  the  bottle  studies  were  pipetted  onto  nutrient  agar  contained  in 
petri  plates  (three  replicates),  spread  over  the  surface  of  the  sgsr  by  means  of  sterile 
glass  "hockey  stick"  spreaders,  incubated  at  26  *  5*C,  and  observed  periodically. 

The  results  of  these  experiments  are  presented  in  Table  3.  Generally,  it  may  be 
atated  that  ther  >  elastomer  components  have  very  low  microbial  populationa.  Indeed, 
no  microorgan'  rns  were  iaolated  from  aix  of  the  components  (1,  3,  4,  6,  9,  and  12), 
and  with  one  exception  (S)  only  aingle  coloniea  were  isolated  from  the  other  components. 
In  addition,  microorganisms  were  not  consistently  obtained  in  all  studioa  for  any  one 
component.  On  the  basis  of  these  atudiea,  the  materials  investigated  appear  to  havs 
very  low  microbial  populationa,  i.e.,  somewhat  leas  than  1  microorganism  par  gram. 

The  microorganisms  <;olau*d  (six  fungi  and  one  tactsrium)  were  cultured  on  Difco 
tryptone  glucose  ex.  r act  t  0.  1  per  cent  Oifco  yeast  extract.  None  appears  similar  to 
typical  jet-fuel  isolates. 

Aliquots  (200  ml)  of  Searsport  JP-4  jet  fuel  were  added  to  50  ml  of  sterile  B-H 
liquid  medium  contained  in  8-os  wids-mouth  screw-capped  jars  and  incubated  at  2S*C. 
After  Z  days  of  incubation,  an  accumulation  of  dustlike  particles  appearsd  at  the  inter¬ 
face  of  the  two  liquids.  After  14  days  of  incubation,  it  appeared  that  the  dustlike 
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TABLE  3.  ISOLATION  OF  CONTAMINANT  MICROORGANISMS  FROM  SELECTED  ELASTOMERS  AND  ELASTOMER 
COMPONEN  :SED  IN  JET-FUEL  INTEGRAL  WING  TANKS 


Code 

No. 

Elastomer  or  Component*) 

Growth, 

14  days(h) 

Bushnell-Haas  Medium 

Bushnell-Haas  Medium  and 

0.  5  Per  Cent  Glucose 

Petri  Plaie(c) 
(Agar) 

Bottled 

(Liquid) 

Peiri  Plate(c) 
(Agar) 

Bottled) 

(Liquid) 

1 

Buna  N 

_ 

_ 

2 

Two-part  polyurethane,  Part  A 

- 

•f 

♦ 

3 

Two-part  polyurethane,  Part  B 

- 

+ 

4 

Polysulfide  Sealant  Mo.  1,  accelerator 

-(e) 

- 

-(e) 

5 

Polysulfide  Sealant  No.  1,  base 

- 

- 

6 

Polysulfide  Sealant  No.  2,  accelerator 

- 

* 

7 

Polysulfide  Sealant  No.  2,  base 

- 

- 

6 

Polysulfide  Sealam  No.  3,  accelerator 

+ 

9 

Polysulfide  Sealant  No.  3,  base 

- 

10 

PolysuJfidc  Sealant  No.  4,  accelerator 

“ 

♦ 

11 

Polysulfide  Sealant  No.  4,  base 

- 

♦ 

12 

Repair  cement 

* 

- 

(a)  "lie  Polysulfide  Sealant  No.  1  was  a  dlchromate-cuted  material,  No.  2  and  No.  3  were  different  manganeie  dioxide-cured 
systems,  and  No.  4  wai  lead  dioxide -cured. 

(b)  Incubated  at  room  temperature  (26  *  a  C),  -  1  no  growth  and  ♦  =  growth.  With  the  exception  of  No.  8,  each  denotes 
a  single  isolate  (colony)  found  on  only  I  of  two  or  three  replicate  plates.  Only  two  isolates  were  found  in  two  of  three 
replicate  plates  in  “bottle  studies. 

(c)  Three  replicate  samples  for  each  experimental  material. 

(d)  Duplicate  samples  for  each  experimental  material.  No  obvious  growth  occurred  in  the  bottle  studies.  Therefore,  0.1-mil 
aliquots  of  the  liquid  medium  were  aseptically  pipetted  and  placed  on  the  surface  of  nutrient  agar  plates.  The  0.  1-mil 
aliquots  were  then  spread  over  the  surface  of  the  agar  with  sterile  hockey-stick  spreaders.  The  gwwth  noted  in  these 
columns  represents  colonies  which  grew  on  nutrient  agar  after  14  days  of  incubation,  which  followed  14  days  of  incubation 
in  the  liquid  medium. 

(c)  Formation  of  racemose  crystals  led  to  false  positive  readings  early  ip  this  set  of  studies.  The  crystals  had  the  appearance  of 
fungus  colonies,  and  "grew  thr  jghout  the  agar  medium  as  well  as  on  its  surface. 

particle*  were  "growing"  alowly.  Approximately  6  months  after  this  study  was  initiated, 
the  duaf  accumulation  was  very  sparse,  Attempts  to  isolate  microorganism*  from  this 
culture  syatem  by  atandard  procedures  were  not  successful,  thus  indicating  that  this 
fuel  aa  receive'  was  sterile. 


Nutrient  Study 

The  experimental  work  described  here  was  conducted  to  determine  whether  mate¬ 
rials  extracted  from  cured  coatings  and  sealants  could  be  utilised  as  nutrients  by 
selected  microorganisms.  Positive  results  of  such  a  tut  would  tie  down  more  closely 
possible  reasons  for  microbial  attachment  or  apparent  attack,  Ii  would  be  expected  that 
materials  would  be  extracted  from  coatings  by  water  and  fuel  -  perhaps  a  higher  degree 
of  extraction  would  occur  in  the  case  of  fuel.  The  use  of  fuel,  however,  would  be  leas 
conclusive  since  it  would  be  difficult  to  ascertain  whether  the  extract  or  the  fuel  itself 
was  the  effective  nutrient.  Thus,  water  extracts  have  been  used  in  this  work. 

The  candidate  coatings  and  sealants  were  poursd  individually  into  18  x  150-mm 
Pyrex  teat  tubes,  then  drained  from  the  tubes.  The  coated  test  tubes  were  dried  in  an 
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inverted  position  for  14  days  at  73°  F  and  50  per  cent  RH.  Following  this,  20  ml  of 
sterile  Bushnell-Haas  mineral  salts  medium  was  pipetted  into  the  tubes,  and  the  tubes 
were  capped  with  sterile  Bacti-Cap  plastic  tube  covers.  Four  such  tubes  were  prepared 
for  each  candidate  material.  Two  of  these  tubes  were  then  placed  ir.  an  incubator  at 
30°C  and  two  in  an  incubator  at  60°C.  After  a  4-day  extraction  period,  the  contents  of 
the  two  tubes  at  each  temperature  were  pooled  in  sterile-water  dilution  bottles.  The  pH 
of  the  extracts  was  then  determined,  notations  made  as  to  cloudiness  or  color,  and  each 
evaluated  for  the  presence  of  indigenous  microorganisms.  Table  4  identifies  the  ex¬ 
tracts  and  indicates  (1)  initial  pH,  (2)  whether  extraction  obviously  occurred,  and  (3)  the 
presence  of  indigenous  microbial  population. 

The  pH  of  the  B-H  extracting  medium  was  not  markedly  changed  by  the  majority 
of  the  polymer  extracts.  However,  Coatings  A,  D,  J  (primer),  L,  (cure  coat),  N,  and 
U  tended  to  lower  the  pH  slightly,  with  values  dropping  to  a  minimum  of  6.4.  Coating  L 
was  the  only  material  that  significantly  raised  the  pH  value.  In  this  case,  it  was  8.5. 
Judging  by  color  or  suspended  particles,  about  one-third  of  the  extracting  solutions  con¬ 
tained  a  crystalline  product.  Despite  careful  handling,  approximately  one-third  of  the 
extracts  showed  evidence  of  a  significant  number  of  microorganisms.  Two-thirds  had 
none. 


The  undiluted  extracts  as  well  as  1:10  and  1:100  dilutions  of  them  were  evaluated 
in  pure-culture,  test-tube  experiments  as  a  source  of  nutrient  for  Hormodendron 
cladosporoides  (B-67)  and  Pseudomonas  aeruginosa  (B-66),  The  microorganisms  were 
14-day  and  3-day  cultures,  respectively,  which  were  cultured  in  Searsport  JP-4  jet-fuel 
(0.  15  per  cent  Ucar  500  added)  overlying  B-H  Agar  in  the  presence  of  a  composite 
elastomer  strip.  The  fungal  and  bacterial  cells  were  individually  harvested,  mixed  for 
30  seconds  with  a  Waring  Blendor,  and  washed  twice  by  centrifugation,  using  liquid 
B-H  mineral  salts  medium.  Inocula  were  prepared  by  diluting  the  fungus  with  sterile 
B-H  until  approximately  20,000  cells/ml  were  in  the  fungal  suspension  and  approxi¬ 
mately  120,  000  cells/ml  were  in  the  bacterial  suspension.  Estimates  of  the  microbial 
populations  in  the  inocula  were  made  with  a  Hellige  hemocytometer  for  the  fungus  and  by 
means  of  petri-plate  counts  ("hockey  stick"  spreader  technique)  for  the  bacterium. 

The  undiluted  extracts  and  the  1:10  and  1:100  dilutions  were  then  inoculated  with 
0.  1  ml  of  either  the  fungus  or  bacterial  inocula.  The  tubes  were  individually  shaken  by 
means  of  a  Vortt  Junior  Mixer,  incubated  at  30* C,  and  observed  periodically  for 
growth.  Since  ti  .  fungus  grew  well,  it  was  possible  to  use  a  simple  rating  system  for 
these  evaluations.  Bacterial  growth  was  not  great.  Thus,  it  was  not  possible  tc  use  s 
Similar  rating  system  tor  these  specimens.  Therefore,  evaluation  of  growth  was  made 
in  the  lowest  dilution  (1:100)  of  each  extract  and  the  B-H  control  tubes  by  the  plate- 
count  method  previously  described.  The  results  of  these  experiments  are  presented  in 
Tables  5  and  6. 

A  small  amo>:r.t  ui  lungus  and  bacterial  growth  occurred  unexpectedly  in  the  B-H 
control  medium.  Ample  nitrogen  in  the  form  of  NH4NO3  is  available  in  this  medium. 
However,  lack  of  a  carbon  source  should  be  somewhat  limiting  to  growth.  The  two 
centrifuge  washings  should  have  removed  most  potential  nutrients  from  the  cells,  but 
apparently  all  were  not  removed.  Even  so,  an  increase  in  growth  over  that  observed  in 
the  controls  occurred  in  certain  of  the  experimental  extracts. 
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TABLE  4.  PRELIMINARY  DATA  ON  COATING  EXTRACTS  USING  blJSHNELL-HAAS  MINERAL  SALTS  LIQUID 
MEDIUM  AS  THE  EXTRACTION  SOLVENT 


Coating 

Code 

Coating  Type 

Extraction 
Tempera  turet3). 
C 

Initial  pH<b) 

Obvious 
Extractor/ c) 

Microbial 

Containinaiioi/d) 

A 

Buna  N 

30 

6.  S 

No 

- 

60 

6.4 

Yea 

B 

2 -part  polyurethane 

30 

6.8 

Slight 

♦ 

60 

6.8 

Slight 

C 

Polysulfide 

30 

6.9 

Yes 

- 

60 

6.9 

Yes 

D 

Polysulfide 

30 

6.4 

Slight 

* 

60 

6.4 

Yes 

E 

1-part  polyurethane 

30 

6.8 

No 

- 

60 

6.8 

No 

F 

1-part  polyurethane 

30 

6.7 

No 

- 

60 

6.7 

Slight 

G 

l-part  polyuretliane 

30 

6.8 

No 

♦ 

60 

6.7 

No 

H 

Nylon 

30 

6.8 

No 

- 

60 

6.6 

No 

I 

Furan,  gray  cover  coat 

30, 

6.8 

No 

- 

60 

6.6 

Slight 

-- 

1,  black  undercoat 

30 

6.8 

No 

♦ 

60 

6.6 

No 

-- 

1,  primer 

30 

6.6 

No 

♦ 

60 

6.8 

No 

J 

Furan,  clear 

30 

6.9 

No 

♦ 

60 

6.8 

Slight 

-- 

J,  primer 

30 

6.6 

No 

• 

60 

6.6 

No 

K 

l-part  polyurethane 

30 

6.8 

No 

♦ 

60 

6.8 

No 

L 

luorganic  zinc 

30 

8.5 

No 

- 

60 

8.5 

No 

L,  cure  coat 

30 

6.4 

No 

♦ 

60 

6.4 

Slight 

M 

Epoxy 

30 

6.8 

No 

60 

6.9 

No 

N 

Epoxy 

30 

6.6 

No 

♦ 

60 

6.4 

No 

O 

Epoxy 

30 

6.8 

No 

60 

6.8 

No 

-- 

N,  O,  primer 

30 

6.8 

No 

- 

60 

6.8 

No 

P 

Epoxy 

30 

6.7 

No 

* 

60 

6.8 

No 

Q 

Epoxy/ polysulfide 

30 

6.8 

Slight 

* 

60 

6.6 

Slight 

R 

l-part  polyurethane 

30 

6.8 

No 

* 

60 

6.7 

No 

S 

Pluoropolymer 

30 

6.8 

No 

* 

60 

6.7 

No 

T 

Pluorlnaied  silicone 

30 

6.7 

No 

♦ 

60 

6.7 

No 

•• 

T,  primer 

30 

6.7 

Y« 

* 

60 

6.7 

Yes 

TABLE  4.  (Comimied) 


Coating 

Code 

Coating  Type 

Extraction 

Temperature^. 

C 

Initial  phf^ 

Obvicxit 

Extraction^) 

Microbial 

Contamination^) 

u 

Epoxy 

30 

6.8 

No 

♦ 

60 

6.4 

Yes 

-- 

U,  primer 

30 

6.9 

No 

• 

60 

6.8 

No 

V 

Epoxy 

30 

7.1 

Slight 

- 

60 

7.1 

Slight 

w 

Epoxy 

30 

6.6 

No 

60 

6.8 

No 

- 

W,  primer 

30 

6.8 

No 

- 

60 

6.9 

Slight 

Coatrol  Buthnell-Haas  mineral  salts  medium 

“  “ 

6.8 

“  * 

“  ' 

(a)  Extract  time  wat  4  days. 

(b)  Meaiuied  by  meant  of  Hydrioo  pH  Paper  (Microeiscntial  Labaatoey,  Brooklyn,  N.  Y.).  Limited  amounu  of  the  exuacu  did 
not  allow  taking  pH  by  other  meant, 

(c)  As  indicated  by  the  pretence  of  cola  and/a  impended  particulate  matter. 

(d)  Determined  by  meant  of  petti  plate  counts,  using  the  "hockey-nick”  spreader  technique. 
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TABLE  5.  GROWTH  OF  Hoemodendron  cladorporoldci  (B-67)  IN  COATING  EX.'RACTS 
AFTER  6  DAYS  OP  INCUBATION  AT  3(*C 


Coating  Code 

Extract  DilutionC*) 

1  Ming  of  Mycelial  Growth  After  6  Days 
of  Incuh.iion  at  30’dl>) 

4-Day  Extract,  30*C  4-Day  Extract,  60*C 

Control 

-- 

4 

♦ 

A 

Undiluted 

44 

44 

1:10 

44 

4 

1.100 

- 

4 

B 

Undiluted 

- 

. 

1:10 

♦ 

4 

1:100 

♦ 

♦ 

C 

Undiluted 

- 

- 

1:10 

- 

4 

1:100 

♦ 

4 

D 

Undiluted 

- 

. 

1:10 

♦ 

4 

1:100 

♦ 

4 

t 

Undiluted 

ft 

4 

1:10 

♦ 

4 

1:100 

♦ 

* 

F 

Undiluted 

44 

44 

1:10 

♦4 

4 

1:100 

♦ 

A 

G 

Undiluted 

♦ 

ft 

1:10 

♦ 

4 

1:100 

♦ 

ft 

H 

Uadi  luted 

♦ 

4 

1:10 

♦ 

4 

1:100 

♦ 

4 

i 

Uadi  luted 

44 

44 

1:10 

4 

1:100 

♦ 

4 

1,  undercut 

Undiluted 

44 

44 

1:10 

44 

44 

1:100 

♦ 

4 

1,  primer 

Uadihed 

♦ 

4 

1:10 

♦ 

4 

1.100 

1 

ft 

1 

Undiluted 

44 

44 

1:10 

4 

4 

1:100 

• 

4 

1.  primer 

Undl  luted 

4 

4 

1:10 

• 

4 

1  100 

• 

4 

K 

Uadiluted 

4 

44 

l.lo 

4 

4 

1.100 

4 

4 

£0 


TABLE  S.  (Continued) 


I 

I 

I 


Rating  of  Mycelial  Growth  After  6  Dayi 
of  Incubation  at  30'C^ 

Coating  Code  Extract  Dilution^  4-Day  Extract,  30*C  -i -Day  Extract,  tiQ'c 


L  Undilulion 

1:10 

1:100  -  + 


L,  cure  coat 


M 


N 


0 


N.  O.  primer 


P 


R 


t 


T 


T.  primer 


U 


U.  primer 


Undiluted 
1: 10 
1: 100 

Undiluted 

1:10 

1:100 

Undiluted 
1: 10 
1:100 

Undiluted 

1:10 

1:100 

Undiluted 

1:10 

1:100 

Undiluted 

1:10 

1:100 

Undiluted 

1:10 

1:100 

Uadi  Kited 
1:10 
1:100 

Undiluted 

1:10 

1:100 

Undiluted 

1:10 

1:100 

Undiluted 

1:10 

MOO 

Undiluted 

1  Id 
1:100 

Undt  Kited 

1: 10 
1:100 


♦ 

* 

♦ 


* 

» 

e 

e 

♦ 


+ 

♦ 

a 

♦ 

♦ 

+ 


♦ 

a 

+ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 


♦ 

♦ 


♦ 


e 

♦ 


V  Undiluted 

1:10  e  ♦ 

1.100  ♦  e 


i 


£1 


TABLE  5.  (Continued) 


Rating  of  Mycelial  Growth  After  0  Days 

_ of  Incubation  at  3u*C^ _ 

Coating  Code _ Extract  Dilution^ _ 4-Day  Extract,  .'lu’C  4-Djy  Extract,  tio’C 


W 


W,  primer 


Undiluted 

1:10 

1:100 

Undiluted 

1:10 

1:100 


■*+  4 

t  4 

4>  ■* 

*  1 

*  4 

4  4 


(a)  All  extraction;  and  dilutions  of  extracts  were  made  with  sterile  Bushncll-Haas  mineral 
salts  liquid  medium. 

(b)  The  rating  system  used  was 

-  *  no  growth 

a  ■  questionable  or  very  slight  growth 
♦  ■  slight  growth 
4+  ■  moderate  growth 

Immediately  following  inoculation  the  extracts  in  each  tube  contained  approximately 
£00  fungus  e\ V-I.  Cell-count  estimation  was  made  with  Hellige  hemacytometer. 


TABLE  6.  GROWTH  OF  Pseudomonas  aeruginosa  (B-66)  IN  COATING 
EXTRACTS  AFTER  4  DAYS  OF  INCUBATION  AT  30‘C 


Coating  Code 

Extract 

Dilution^3) 

Rating  of  Bacterial  Growth  After  4  Days  of 
Incubation  at  30°c(b) 

4-Day  Extract,  30°C 

4 -Day  Extract,  60*C 

Control 

— 

+ 

♦ 

A 

1:100 

44 

4f 

B 

1:100 

+++ 

+44 

C 

1:100 

+4 

44 

D 

1:100 

++ 

44 

E 

1:100 

++ 

444 

F 

1: 100 

♦♦ 

H 

G 

1:100 

+4 

+4 

H 

1:100 

44 

44 

I 

1:  100 

+4 

+4f 

1,  '  edottoat 

1:100 

♦44 

4i4 

1,  primer 

1: 100 

♦44 

♦+ 

J 

1:100 

♦♦ 

+4 

J.  primer 

1:100 

♦4 

4f 

K 

1.  100 

44 

+44 

L 

1: 100 

♦44 

♦44 

L,  cure  coat 

1:100 

♦4 

H4 

M 

1:  100 

4i4 

♦44 

N 

1: 100 

■*44 

444 

O 

1: 100 

♦44 

♦♦♦ 

N,  0,  primer 

1: 100 

♦4 

♦44 

P 

1:  100 

*44 

444 

(J 

1:100 

if 

4* 

R 

1:100 

♦44 

♦4 

S 

1:  >00 

♦44 

♦4 

T 

1:  100 

♦44 

♦44 

7,  primer 

1: 100 

♦44 

♦44 

If 

1:  100 

<4 

♦44 

U.  primer 

1: 100 

♦4 

♦4 

V 

):  100 

444 

♦4 

w 

1:  100 

♦4 

♦44 

W,  primer 

1:  100 

444 

♦44 

(a)  All  sxiravrrma  and  dilutions  o(  iniiru  war*  made  with  iwrll*  iushnell-Haai 
mineral  sale  llguid  mtdl'tm. 

Tti«  ratings  for  grow:  war*  bas«d  on  aattmatas  of  the  bacttnal  population*  in  tha 
extracti.  Esrimata*  war#  made  i  y  maans  of  pasri  plata  counts  in  which  Tt) plena 
Glue  ok  unis*;'  A^ar  nd  stadia  glass,  "hockaY-ucit',  spreaders  wara  amplnyod. 
Duplicate  counts  for  aach  extract -dilation  war*  made. 

♦  ■  approaimataly  S.O  »  IC^calls/ml 
*+  •  betwaan  1.0  a  .  0*  and  1.0  *  10®  calls/rr.l 

***  •  mor*  than  '.,0  a  l«*  callt/ml  (colomaa  too  rumarous  to  enumxrate  in 
count  platos). 

Immediately  after  inorulatton.  its*  extracts  in  aach  tuie  contained  approximately 
I,?  >  '.O'  calla/ml  (animation  mad*  as  due rt had  ahota). 
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The  30°  and  60°C  extracts  of  Coatings  A,  F,  I,  I  (black  undercoat),  3,  K,  M,  N, 
O,  R,  U  (primer),  and  W  supported  growth  of  cladosporoides  to  a  greater  extent  (4+) 
than  did  the  B-H  control  medium  (+).  Undoubtedly,  these  polymer  systems  could  pro¬ 
vide  suitable  nutrients  tor  the  growth  of  this  particular  fungus  in  integral  jet-fuel  tanks, 

A  number  of  the  extracts  inhibited  growth  of  this  fungus  at  one  or  more,  but  not 
all,  concentrations.  These  were  extracts  of  Coatings  B,  C,  D,  L  (cure  coat),  P,  Q, 

T  (primer),  and  V.  The  inhibition  noted  for  Coating  C  may  have  been  due  to  the  pres¬ 
ence  of  dichromate  and  that  for  Coating  L,  a  pH  effect  (8.  5). 

The  rating  system  employed  for  evaluating  fungus  growth  is  not  entirely  satisfac¬ 
tory  because  of  possible  subjective  errors.  Mycelial  weight  offers  a  more  definite 
crite.ior.  for  use  in  this  type  of  study.  However,  in  attempts  to  obtain  such  measure¬ 
ments,  dry  recovery  weights  ranged  from  5  to  12  mg  per  10  ml  of  medium.  It  is 
questionable  whether  these  represent  differences  great  enough  to  lie  outside  experi¬ 
mental  error.  If  further  experiments  of  this  nature  are  carried  out,  sufficient  volumes 
of  extract  should  be  used  to  obtain  more  significant  differences  in  mycelial  weights. 

Under  the  conditions  of  this  experiment,  the  growth  of_P_.  ae ruginosa  (Table  h) 
apparently  was  enhanced  by  1:100  diluti<  s  of  all  of  the  extracts.  Growth  was  enhanced 
to  a  greater  extent  (4++)  by  30°  or  60°C  extracts  from  Coatings  B,  E,  I,  I  (black  under¬ 
coat),  I  (primer),  K,  L,  M,  N,  O,  N+O  (primerj,  N,  S,  T,  T  (primer),  U,  V,  W,  and 
W  (primer).  None  of  the  extracts  inhibited  growth  of  this  bacteria. 

Under  the  conditions  of  this  experiment  it  may  be  stated  that:  (1)  the  growth  of 
H.  cladosporoides  was  enhanced  by  extracts  of  12  different  coating  materials,  (2)  the 
growth  of  P,  aeruginosa  was  enhanced  by  extracts  of  all  31  of  these  materials  and 
especially  by  21  of  them,  and  (3)  only  two  coatings  (I,  black  undercoat,  and  N)  markedly 
enhanced  the  growth  o'  both  microbial  species.  Thus,  it  may  be  concluded  that  mate¬ 
rials  extracted  from  polymeric  coatings  and  sealants  used  in  jet-fuel  integral  aircraft 
and  ground  storage  lank*  add  to  the  total  nutrients  available  for  growth  and  development 
of  large  microbial  populations  often  found  in  these  tanks. 

Se’ection  of  Microorganisms  for  Exposure  Tests 

Buna  N,  olyurethane,  and  polysulfide  topcoatings  (Coatings  A,  B,  and  D)  were 
used  in  determining  the  most  active  microbial  species  for  exposure  tests  conducted 
throughout  the  program.  These  coatings  were  individually  exposed  in  shake  culture  to 
the  16  species  of  microorganisms  that  have  grown  best  in  the  stock-culture  system.  All 
coated  specimens  were  sterilised  by  treatment  with  ethylene  oxide  under  6  to  7  psi  at 
57*C  at  described  in  the  section  !  eaded  Specimen  Sterilisation. 

Pure-Culture  System.  The  culture  system  employed  is  diagrammed  in  Figure  4. 
The  procedure  used  for  preparing  the  culture  system  is  described  below: 

(1)  75  ml  of  modified  Bushnell-Haas  liquid  medium  wss  introduced  into 

8-ot  screw -capped  prescription  bottles.  These  were  sterilised  at 
12!°C  and  ?0  psi,  after  which  the  bottles  were  loosely  capped  and 
allowed  to  cool. 


Coated  specimens 


End  View 


—  Fuel  vopor 


Searspor?  J  P-4  jet  fuel 
'Fuel- water"  interface 


Bushnel  I  -  Haas  mineral 
salts  liquid  medium 


Shaking  direction  ( )^- in.  throw)  »-««»oo 


FIGURE  4.  CULTURE  SYSTEM  USED  TO  EXPOSE  INDIVIDUAL 
ELASTOMERS  COATED  ON  ALUMINUM  STRIPS  TO 
PU RE-CULTURE  GROWTH  OF  MIC RCORGANISMS 
AT  JQ*C  WITH  RECIPROCAL  SHAKING 
(90  THROWS  PER  MINUTE) 


(2)  75  ml  of  Searsport  JP-4  jet  fuel  containing  0.  15  per  cent  Ucar-500 
anti-icing  additive  {sterilized  by  Seitz  filtration)  was  aseptically 
added  to  the  bottles  by  means  of  a  Filamatic  automatic  pipette. 

(3)  Pure-culture  inocula  were  prepared  by: 

(a)  Aseptically  pouring  20  ml  of  Bushnell-Haas  liquid  medium  onto 
microbial  growth  in  stock-culture  bottles. 

(b)  Gently  scraping  loose  the  growth  with  a  sterile  inoculating 
needle. 

(c)  Removing  10  ml  with  a  sterile  pipette. 

(d)  Homogenizing  the  cell  suspension.  Homogenization  was  carried 
out  by  blending  in  a  sterile  metal  cup  with  a  Waring  Blendor  (low 
speed  for  20  to  30  sec),  and  by  agitation  (vibration)  with  a  Vortex 
Junior  Mixer.  Very  homogeneous  inocula  were  obtained,  although 
optimum  mycelial  fragmentation  was  not  obtained  with  fungi. 

(4)  1  ml  of  the  inoculum  was  then  aseptically  pipetted  into  the  shake  culture 
bottles. 

(5)  Two  sterile  specimens  coated  with  the  same  elastomer  were  aseptically 
inserted  into  each  bottle  in  a  manner  that  would  permit  them  to  remain 
in  position  during  shake  incubation. 

(6)  The  bottles  were  loosely  capped  (1/4  turn  from  tightness)  and  the  caps 
taped  to  the  bottles  to  keep  them  in  place. 

(7)  The  bottles  were  then  placed  in  a  water-bath  shake  meubator  which  was 
maintained  at  30  a  2*C.  The  water  bath  was  kept  filled  to  approximately 
the  level  of  the  water-fuel  interface  in  the  bottles.  The  l-l/2-inch- 
stroke  reciprocal  shaking  motion  waa  at  the  rate  of  90  cycle*  per 
minute. 

(8)  Obei  rvations  were  made  daily  for  a  period  of  28  days.  Exposed  speci¬ 
men*  were  removed  for  gross  and  microscopic  examination,  pencil 
hardness,  and  other  evaluations  e*  described  in  a  later  section  of  this 
report  after  3,  7,  14,  and  26  days  of  incubation. 

Typical  fungus  and  bacterial  growth  in  the  liquid-culture  system  are  shown  in 
Figures  5  and  b. 

Generally,  it  may  be  said  (hat  in  this  culture  system  the  fungi  grew-  moderately 
well  within  7  days  and  reached  heavy  proportions  within  14  day*.  Fungus  growth  in 
cullurr  bottles  containing  the  polys.ilfid*  sealant  specimens  was  strongly  inhibited  for 
about  7  days.  Apparently,  a  fungistatic  compound  was  leached  from  the  polysulfide 
sealant.  After  i4  day*  of  incubation,  however,  attached  fungus  growth  in  the  interface 
exposure  area  of  the  sealant  was  easily  observable.  No  inhibition  of  growth  occurred  in 
bacterial  culture  system*  containing  this  elastomer. 
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FIGURE  S.  FUNGAL  GROWTH  (B-29,  CUdoipotlum 
retlmt  form  ivtlltatum)  IN  SHAKE- 
CULTURE  SYSTEM  AFTER  14  DAYS  OF 
INCUBATION 


Culture  lyncm  diagrammed  ia  Figure  4. 


FIGURE  «.  BACTOEAL  GSCMTH  (B-4R,  Fw»4ana»M 
tf.. )  Vi  SHAKI-CUtTtSEI  SYSTEM  AFTER 
i  DAYS  V  IHCT/IATTON 


Cal  nan  lyanm  diagrammed  la  FI gw*  4. 


Without  exception,  all  bacteria  grew  moderately  well  within  24  hours  and  reached 
maximum  growth  within  3  days  in  this  culture  system.  Two  of  the  most  striking  effects 
noted  for  several  of  the  bacteria  were  "blistering"  of  the  polysulfide  coating  and  loss  of 
adhesion  of  the  polyurethane  film. 

Figure  7  is  a  diagram  showing  the  arrangement  of  the  coatings  in  the  subsequent 
figures,  as  well  as  the  approximate  areas  of  exposure.  A  photographic  record  of  con¬ 
trol  and  exposed  specimens  is  presented  in  Figures  8  through  11,  The  following  com¬ 
ments  can  be  made: 

Figure  7.  The  areas  of  exposure  are  indicated  in  an  approximate  manner 
because  agitation  due  to  shaking  resulted  in  considerable  variation  in  these 
areas.  As  a  general  rule,  the  water-fuel  interface  was  a  "layer"  approxi¬ 
mately  1  cm  in  thickness. 

Figure  8.  This  is  a  fair  representation  on  nonexposed  polyurethane  and 
Buna  N  films.  The  polysulfide  coating  varied  in  texture  from  that  shown 
in  thic  figure  to  the  one  shown  in  Figure  9,  which  has  a  ridged  surface. 

The  ridges  are  not  the  result  of  exposure  but  were  formed  during 
application. 

Figure  9.  The  polysulfide  coating  and  polyurethane  film  discolored 
slightly  in  the  water  phase  and  interface  areas  when  exposure  was  con¬ 
ducted  under  sterile  conditions,  This  was  the  only  visual  change  noted 
for  these  elastomers  in  this  exposure.  The  Buna  N  film  responded  to 
exposure  to  sterile  Bushnell-Haas  and  JP-4  in  the  following  ways: 

(1)  "Em:  'Mon  bubbles"  formed  in  the  interface  as  well  as  in  an 
adjace.u  area  in  the  water  phase.  Some  of  these  interface- 
area  bubbles  are  clearly  shown  in  the  photograph, 

(2)  The  red  dye  in  the  Buna  N  was  extracted  by  the  fuel  in  about 
3  days,  leaving  a  clear  Buna  N  film  in  the  fuel-phase  area. 

Small  areas  of  clear  film  also  occurred  when  emulsion 
bubbles  became  attached  and  persisted  in  one  spot, 

(3)  The  clear  Buna  N  film  In  the  fuel-phase  area  of  exposure 
became  discolored  after  7  days  of  exposure.  This  dis¬ 
coloration  had  a  tan  or  tarnished  sppesrancs  which  occurred 
in  the  controls  and  varied  in  intensity  in  the  various  speci¬ 
mens  exposex  to  microorganisms. 

Figure  10.  This  figure  illustrates  the  sheet  of  various  bacteria  on 
elastomers.  Blistering  of  tne  yolysulfide  slso  occurred  with  exposure  to 
growth  of  B-39,  B-42,  B-44,  i.nd  B-49.  Increased  discoloration  in  the 
fuel  area  of  the  Buna  N  (as  compared  with  a  similar  area  in  the  controls) 
occurred  with  the  bacterium  B-49,  and  with  the  fungus  B-26.  Lous  of 
polyurethane  adhesion,  which  appears  in  the  photograph  as  opaque  areas 
in  the  water  phase  of  exposure,  occurred  with  the  bacteria  B-29,  B-4J, 

B-44,  and  B-49,  and  the  fungus  B-55. 
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Poly  sulfide 


Coating  Areas  of  Exposure 

W*  "Wafer  “ohose  (  Bushnell  -  Haas  liquid 
medium  containing  pure -culture 
mtcrobiol  growth). 

I«  In.erface 
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FIGURE  7.  DIAGRAM  SHOWING  ARRANGEMENT  OF  COATED  SPECIMENS 
IN  FIGURE*"'  8  THROUGH  1 1  AND  AREAS  Or  SPECIMEN 
EXPC6URE  TO  CULTURE  SYSTEM  DIAGRAMMED  IN 
FIGURE  4 
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Figure  1 1.  The  changes  shown  in  this  picture  are  typical  of  the  effect  of 
the  fungi  evaluated.  Attached  fungus  growth  .an  be  observed  in  the  fuel- 
water  interface  area.  Microscopic  fungus  growth  also  occurred  in  this 
and  the  water-phase  area.  The  figure  illustrates  discoloration  in  the 
wafer  and  interface  areas  of  the  polysulfide  specimen.  The  Buna  N 
specimen  does  not  clearly  show  the  fungal  attack  that  usually  occurred, 
i.e.  ,  could  be  observed  growing  from  them  shortly  thereafter.  Attached 
fungus  growth  can  be  seen  in  the  water-phase  area  of  exposure  on  the 
polyurethane  specimen.  Somewhat  less  fungus  growth  occurred  in  the 
interface-exposed  areas  of  this  elastomer.  This  may  be  the  result  of  a 
"shearing"  or  "cleaning"  action  at  the  rapidly  moving  water-fuel  interface, 
or  it  may  be  an  indication  that  the  fungi  grow  best  in  quiescent  conditions. 


Mixed  Inoculum.  On  the  basis  of  the  pure- culture  studies,  five  microorganisms 
were  selected  for  use  in  mixed- inoculum  experiments.  These  are  the  pseudomonads 
B-39,  B-43,  and  B-49,  and  the  fungi  B-29  and  B-55.  Shortly  after  initiating  exposure 
of  coatings  to  this  mixed  inoculum,  two  substitutions  were  made.  B-43  was  replaced 
by  B-66  ar  1  B-55  by  B-67.  The  reason  for  the  substitutions  was  that  the  latter  two 
microorganisms  were  of  the  same  genus  as  those  replaced,  but  were  more  completely 
identified  as  to  species,  and,  in  addition,  had  been  shown  by  Kereluk  to  be  deteriorative 
to  fuel  tank  coatings. 

The  pencil-hardness  method  described  in  a  later  section  of  this  report  (see 
Methods  of  Evaluating  Polymers)  was  employed  to  measure  changes  in  the  Buns  N  and 
polyurethane  coatings.  Microorganisms  causing  the  greatest  change  in  hardness,  in 
addition  to  those  causing  blistering  or  loss  of  adhesion,  were  selected  for  the  mixed 
inoculum  to  be  used  in  all  subsequent  coating  exposures.  Hardness  evaluations  were 
made  as  soon  as  possible  after  removing  samples  from  the  exposure  system,  while  the 
coatings  were  still  wet.  While  exposures  were  carried  out  primarily  to  determine  the 
most  active  microorganisms,  it  was  hoped  that  preliminary  information  could  be  ob¬ 
tained  regarding  the  effect  of  microorganisms  on  the  coatings  themselves.  Results  of 
pencil-hardness  ratings  of  coatings  exposed  to  10  of  the  more  active  growing  micro¬ 
organisms  are  shown  in  Table  7.  Microorganisms  which  caused  the  greatest  amount  of 
blistering,  as  well  as  loss  of  adhesion  or  other  signs  of  deterioration,  also  caused  the 
greatest  lor  in  hardness.  On  the  other  hand,  it  was  found  thst  minor  imperfections  in 
the  coating,  well  ss  differences  in  film  thickness,  sometimes  resulted  in  anomalous 
hardness  values.  These  variations  prevent  totsl  reliance  on  pencil  hardness  as  a  means 
of  rating  microbiological  deterioration.  A  further  complication  is  that  severt-1  bacterial 
species  formed  film#  or  slimes  covering  the  costing  which,  in  some  cases,  may  have 
affected  the  pencil-hardness  values. 

Certain  conclusion*  were  reached,  howe'-er,  from  a  consideration  of  pencil- 
hardness  values.  For  example,  Buna  N  coating  is  known  to  soften  in  water,  but  if 
relatively  unaffected  by  fuel.  Thus,  it  is  considered  significant  when  an  iaolate  such  as 
B-49  causes  s  marked  reduction  in  hardness  of  the  coating  in  the  fuel  and  vapor  areas. 
This  was  the  only  isolate  which  showed  much  effect  on  the  hardness  of  a  Buna  N  film, 
although  a  number  of  other  microorganisms  were  observed  to  grow  on  this  coating.  The 
polyurethane  coating  was  altered  by  four  microorganisms:  B-39,  B-43,  B-49,  and  B-55. 
These  changes  were  noted  as  hardness  reductions  in  both  water-  and  fuel-exposure 
areas. 
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FIGURE  8.  NON  EX  POSED  ELASTOMER-COATED  SPECIMENS 
(Refer  to  Figure  7  for  identification.) 


FIGURE  9.  ELASTOMER-COATED  SPECIMEN!  EXPOSED  TO  STERILE 
-WATER- ITT  FUEL'  SYSTEM.  POUR- WEEK  EXPOSURE 

(Refer  to  Flgeree  4  and  7  for  Ideattficattoa  and  ttpwn 
deectipifoa.) 


FIGURE  10.  ELASTOMER- COAT  ED  SPECIMENS  EXPOSED  TO  GROWTH 
OF  Pseudomonas  ip.  (B-4»)  IN  SHAKE  CULTURE.  FOUR- 
WEEK  EXPOSURE 

(Refer  10  Figures  4  end  7  for  Identification  ind  exposure 
description. ) 


FIGURE  U.  ELASTOMER-COATED  SPECIMENS  EXPOSED  TO  GROWTH 
OF  Clsdospotlem  retiest  farms  mlisnettm  (l-W)  IN 

SHAKE  CULTURE.  FOUR- WEEK  EXPOSURE 


(Refa.  w  Figures  4  sad  7  far  ideauficstton  eed  exposare 
description.) 


TABU  7.  PENCIL  HARDNESS  OF  COATINGS  EXPOSED  TO  PURE -CULTURE  GROWTH  OF  SELECTED  MICROORGANISMS*3) 
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When  exposed  specimen*  were  allowed  to  dry  for  3  to  5  day*  at  23*C  and  50  per 
cent  relative  humidity,  it  wa*  found  that  the  hardness  of  both  Buna  N  and  polyurethane 
coatings  returned  to  their  original  (unexposed)  value.  However,  two  organisms, 
namely  B-39  and  B-49  (both  pseudomc  >=»ds),  caused  permanent  softening  in  fuel-  and 
fuel-vapor-  as  well  a*  interface-  and  water-exposed  areas.  On  the  basis  of  these  eval¬ 
uations,  the  most  active  microbial  species  was  B-49,  which  caused  permanent  softening 
of  3  pencil  units  in  all  exposure  area?  of  polyurethane  specimens,  and  a  1-pencil  unit 
permanent  softening  in  all  exposure  areas  of  Buna  N  specimens.  Although  pencil- 
hardness  changes  were  small  when  dry  specimens  were  evaluated,  the  ratings  obtained 
may  be  more  indicative  of  deterioration  than  wet  ratings. 


Microbirl  Resistance  of  Aluminum  Coatir-js 


Preparation  of  Culture  t,'-  stem.  The  culture  system  employed  for  the  mired 
inoculum  evaluation*  of  coatings  and  sealants  is  diagrammed  in  Figure  12.  The  proce¬ 
dure  is  similar  to  the  one  employed  in  the  pure-culture  studies  except  that  aluminum 
reds  rather  than  panels  were  used.  As  in  the  case  of  pure  cultures,  the  bottles  were 
placed  in  a  standard  laboratory  incubator  maintained  at  30  a  2*C,  following  a  3-day 
shake  inci  jation,  and  ex-mined  monthly.  After  each  inspection,  sufficient  sterile  JP-4 
fuel  containing  the  anti-ici:ig  additive  (Ucar  500)  was  added  to  make  up  fuel  loet  by 
evaporation.  The  volume  required  ranged  from  15  to  25  ml. 


FIGURE  12.  CULTURE  SYSTEM  USED  TO  EXPOSE  COATINGS  ON 
ALUMINUM  RODS  TO  MIXED-INOCULUM  GROWTH  OF 
JET-FUEL  ISOLATES  AT  30*C  WITH  COMBINED 
SHAKE-STATIC  INCUBATION 
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Figure  13  ie  a  photograph  of  the  culture  system  showing  how  the  test  specimens 
were  exposei.  Figure  14  shows  a  typical  inoculated  culture  system  with  attached 
microbial  growth  on  test  specimens  after  28  days  of  incubation. 


Long-Term  Static  Exposure  of  Individual  Coatings.  Twenty-six  coatings  were  ex¬ 
posed  in  the  culture  system  identified  above,  to  the  mixed  inoculum  composed  of  jet- 
fuel  isolates  that  had  been  found  to  be  the  most  detrimental  to  selected  elastomeric  coat¬ 
ings.  Coatings  tested  are  listed  and  identified  as  to  type  in  Table  1.  Each  culture 
system  received  shake  incubation  for  3  days  followed  by  shelf  incubation  at  30* C  for  the 
remainder  of  the  exposure  period.  The  exposure  media  were  not  changed;  hence,  these 
were  considered  static  exposures. 

The  jet-fuel  isolate*  initially  employed  in  the  mixed  inoculum  were  as  follows: 


Battelle 

Code  No.  ♦  Identification 


B-29 

B-39 

£-43 

B-49 

B-5S 


Cladosporium  rwsinae  f.  avellaneum 
Pseudomonas  sp. 

Pseudomonas  sp. 

Pseudomonas  sp. 

Hormodendron  sp. 


After  3  days  of  shake  incubation  at  30*C,  the  bacteria  invariably  reached  maximum 
growth  in  the  Bushnsh- Haas.  The  fungi  at  this  time  were  obviously  growing  in  this 
medium,  but  only  to  a  ilight-to-moderat*  degree.  After  7  days  of  total  incubation 
(4  days  static),  the  fungi  could  usually  be  observed  growing  well  at  the  water-fuel  inter¬ 
face  and  on  interface-exposed  areas  of  the  coated  rods.  Attempts  to  obtain  reliable  cell 
counts  at  various  stage*  of  incubation  were  not  successful.  This  was  due  in  part  to  the 
varied  mixed  inoculum  employed. 


Notations  a*  to  the  degree  of  growth  in  the  Buahnell-Haae  medium  and  on  the  rods 
at  various  times  during  exposure  were  kept  by  simple  rating  systems.  These  data  are 
partially  sumrrtrised  in  Tables  8  and  9. 

With  the  exception  of  the  culture  systems  in  which  Coating  C  was  exposed, 
moderate-  to- heavy  microbial  growth  was  observed  in  the  B-H  medium  and  at  tne  inter¬ 
face  of  the  jet  fuel  and  B-H  within  7  days,  and  usually  before  this  (3  days).  Coating  C 
inhibited  growth  in  the  culture  systems  for  28  to  33  days. 


Several  coatings  appear  to  be  inherently  more  resistent  to  the  attachment  and 
growth  of  microorganisms.  However,  es  Indicated  in  Table  8,  in  time  the  microorgan- 
isma  become  attached  and  gradually  increase  in  mess  in  all  esses.  The  coatings  that 
appear  to  be  somewhat  reeistant  to  attachment  ere  Coatinge  C,  I,  N,  O,  and  Q.  In  the 
case  of  Coatings  N,  O,  and  Q,  however,  this  wee  trus  only  when  they  were  applied  on 
anodised  aluminum.  The  apparent  differences  in  rats  of  growth  on  anodised  as  compared 
with  Iridited  aluminum  reds  ars  not  consistsnt  for  ali  coatings.  No  rssdy  sxplanatlon 
for  this  is  svallabls. 
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FIG  DM  IS.  CULTURE  SYSTEM  PMOR  TO  INOCULATION  WITH  MIXED  INOCULUM 


Culture  tyttem  diagrammed  In  Figure  12. 
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FIGURE  14.  CULTUM  ST  ITEM  AFTER  tl  DATS  OF  INCVRATtON 
Culture  tyncen  diagrammed  la  Figure  12. 


TABLE  8.  GROWTH  OF  JET-FUEL  ISOLATES  ON  COATED  7075-T6  ALUMINUM 


Mixed  Inoculum  Studies  in  Culture  System  Consisting  of  Seartport 
JP-4  Fuel  and  Buthnell-Haas  Mineral  Salts  Medium 


Coating 

Code 

Letter 

Coating  Type 

Rating  of  Microbial  Growth  at  Indicated  Times  After  Incubation  at  30^*) 

14  Days 

28  Days 

On  Coating(b) 

In  Media(c) 

On  CoatingOO 

In  Media(c) 

A 

Buna  N 

2(2) 

3(3) 

3(3) 

3(3) 

B 

Two-part  polyurethane 

2(2) 

3(3) 

3(3) 

3(3) 

C 

Polysulfide 

-(-) 

1(D 

1(1) 

2(1) 

D 

PolyjuHide 

3(2) 

3(3) 

3(3) 

3(3) 

E 

One-part  polyurethane 

2(2) 

2(2) 

3(3) 

3(3) 

F 

One-part  polyurethane 

3(3) 

2(3) 

3(2) 

3  (3) 

G 

One-pari  polyurethane 

3(3) 

3(3) 

3(3) 

3(3) 

H 

Nylon 

3(3) 

3(3) 

3(3) 

3(3) 

i 

Furan  (four  coat)^) 

1(3) 

1  (3) 

3(3) 

2(2) 

i 

Furan  (two  coat) 

2(2) 

2  (2) 

2(3) 

3(3) 

K 

One-pan  polyurethane 

2(3) 

2(3) 

2(3) 

3(3) 

L 

Inorganic  line 

2(3) 

3(3) 

2(3) 

3(3) 

M 

Epoxy 

3(3) 

3(3) 

3(3) 

3(3) 

N 

Epoxy 

*{2) 

3(3) 

l  (2) 

3(3) 

0 

Epoxy 

‘  (2) 

2(3) 

1  (2) 

3(3) 

P 

Epoxy 

3(2) 

3(3) 

3(2) 

3(3) 

0 

Epexy-potysutfide 

1  (2) 

3(3) 

2(2) 

3(3) 

R 

Onc-pan  pi'lyurethane 

2(2) 

3(3) 

2(2) 

3(3) 

S 

flitiwoftotvmcr 

2(2) 

3(3) 

2(3) 

3(3) 

T 

fiuonnated  Silicone 

3(3) 

3(1) 

3(3) 

3(3) 

U 

Epoxy 

3(3) 

3(3) 

3(3) 

3<3) 

V 

Epoxy 

3(3) 

3(3) 

3(3) 

3(3) 

w 

Epoxy 

3(3) 

3(3) 

3(3) 

1(3) 

X 

Silicone 

JO) 

3(3) 

3(3) 

3(3) 

r 

Fluoropulymer 

3(3) 

3(3) 

3(3) 

3(3) 

i 

Fhtofopoiymcr 

3(3) 

3(3) 

3(3) 

3(3) 

Note:  No  gross  de  ttouiroo  of  theic  asatings  occurred  after  l!  months*  exposure  in  these  studies  excepting  f<M  Coating'  C 
and  N  (see  xtl.  Mowv,.,  m  th«  wci  on  on  Clec.'rolyttc  RHlstane*  Ueasuierwnu  of  Coatingt,  tt  ts  shown  that 
neatly  all  vt  the  coatings  had  significant  lontt  in  tlrtctrtcal  ret  1st  an  er  due  to  this  rape- tore. 


(a)  The  numbers  without  parentheses  (content  ratings  of  growth  O  Starr  of  m  culture  systems  eontainlry  elarromet- coaled 
anodised  aluminum  rods,  and  those  within  parentheses  wete  ittings  of  growth  tn  culture  systems  roots  in  mu  Indue 
tteated  aluminum  rods.  The  rating  intent  used  wait  ' 

-  »  no  Ufhle  mired -inoculum  microbial  growth 
i  •  gutotonahlc  or  eery  ilia's'  growth 
I  •  slight  growth 
7  e  moderate  growth 
3  •  heart  growth. 

(t>)  The  heane-t  growth  on  -he  coated  rodi  imranahly  occurred  m  the  interface  area  of  exposure  of  the  >et  fuel- water 
culture  system. 

(c)  »he  hearten  growth  in  the  yet  fuel-water  culture  system  imranahly  occurred  in  the  water  (or  lushnell-Haai  medium) 
at**  at  the  interface  id  the  ls*«i  ’  . 
v'd)  Feieis  davs  of  cure  <w  dtriiyt. 
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Table  9.  EARLIEST  appearance  Of  moderate-to-heavy  microbial  growth  on  exposed  coatings 


Mixed- Inoculum  Studiei  in  Culture  Svitem  ComUtlng  of  Searsport  Jp-4  Fuel  and 
Builuiell-Haai  Mineral  Salti  Medium 


Coating 

Coi)a 

!.ctu? 

Coating  Type 

Time  in  Days  for  Moderate-to- 

Heavy  Microbial  Growth 

to  OccutM 

Anodiied  1015^6  Aluminum  Rods 

Iridite-Treau-  70'5-T6 

Aluminum  Rods 

Or;  CoaringC’0) 

In  McdiaCO 

On  Coating^) 

In  MediaW 

A 

Bui  a  N 

3 

7 

3 

B 

Two- part  polyurethane 

7 

3 

7 

3 

c: 

Polysulfide 

J4. 

28 

35 

36 

0 

Po’  Vjnlfadc 

i 

3 

1 

£ 

z 

C ic -part  polyutoth.  n'. 

7 

3 

1 

3 

•C 

One-paa  po.v  :ihane 

J 

3 

7 

1 

c 

One-patt  polyurethane 

3 

3 

3 

3 

H 

Nylon 

3 

3 

3 

3 

I 

Furan  (four  coat)0) 

28 

3 

28 

3 

J 

Futau  (two  coat! 

14 

3 

14 

3 

K 

One  part  polyutct’.a.io 

1 

3 

7 

3 

L 

lnorgantc  auu 

14 

i 

7 

7 

M 

Epoxy 

7 

* 

7 

7 

N 

Epoxy 

58<«> 

3 

i* 

3 

O 

Epoxy 

s«M 

3 

14 

3 

P 

Epoxy 

14 

3 

1 

•» 

0 

Epoay-polyiulflda 

38 

J 

14 

3 

It 

One -pari  polyurathanc 

3 

3 

U 

3 

$ 

Fluoropolytnet 

3 

3 

7 

J 

T 

Eluorinatad  illlcont 

3 

3 

3 

3 

U 

Epoay 

3 

3 

3 

3 

V 

Epoxy 

3 

3 

3 

3 

*■ 

Epoay 

3 

3 

3 

3 

X 

Silicone 

14 

3 

3 

3 

Y 

joro^oW'ncf 

3 

e* 

3 

3 

l 

ootopolymei 

3 

3 

3 

J 

Notei  No  gum  deterioration  of  'hate  coatlngt  occurred  after  1?  nrtoolht'  eipotute  In  three  studies  eacepi  for  Coatlngt  C 
and  H  (tec  mi),  Howard,  in  the  lection  on  Electrolytic  ftntitanca  Meant  re  menu  of  Coating  t,  it  it  shown  that 
moil  of  the  coetlnjtt  had  tignificent  loctti  in  tlecinral  rttittance  due  to  thii  expoK'e. 


(a)  (arliett  time  at  wh.ch  at  lean  a  2  rating  (described  in  Table  8)  wet  obeerred.  bating!  ware  nada  1,  1,  J  and  ’  dart 
and  at  weekly  mtarealt  •hatualtu. 

(b)  Occurred  i’>ra:.*wr  tt  the  tmatfaea  of  tna  fat  fuel- water  system. 

(<)  Occurred  mvetteMy  m  the  water  (or  luthnell-Haes  Medium)  or  at  the  interface  of  the  par  fuel-water  intern. 

(d)  Seven  dm  of  cute  or  diving, 

(a)  Only  slight  attached  grow*  war  observed  on  theta  coatings.  The  slight  growth,  fint  observed  on  the  Xath  Cey,  did  no> 
ptogrvti  to  ttvxderetely  haary  proportions. 
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It  is  recognized  that  attachment  of  microbial  growth  on  ?.  coating  does  not  neces¬ 
sarily  me.  n  that  the  coating  is  being  degraded.  An  electron-microscope  study  described 
in  a  later  section  showed  that,  for  one  type  of  coating,  bacterial  cells  .  ccame  embedded 
in,  and  fungus  mycelia  were  attached  firmly  to,  the  surface  of  the  coating,  but  on  con¬ 
tinued  exposure  there  was  no  apparent  further  change  in  the  coating. 

Following  the  gross  visual  observations  and  removal  from  culture  for  picture- 
caking,  the  coated  specimens  were  wiped  clean,  without  scrubbing,  with  gauze  wetted 
with  70  per  cent  ethyl  alcohol  and  then  conditioned  for  at  least  1  wec.<  at  50  per  cent  RH 
and  72  ±  2'C.  A  photographic  record  of  selected  coatings  immeiiately  after  removal 
from  the  culture  systems  after  28  days  of  exposure  is  presented  in  Figures  16  through 
23.  Figure  15  shows  the  arrangement  of  coated  rods  ii  the  exposure  tests. 

Figures  16  and  17  show  Coating  A,  a  Buna  N  material.  Moderate  microbial 
growth  is  evident  in  interface  areas  of  coating  exposure  on  both  samples  of  treated 
aluminum.  Figures  18  and  19  show  Coating  B,  a  two-part  polyurethane.  Obvious  heavy 
microbial  growth  is  apparent  on  both  anodized  and  Iridited  specimens,  although  the  loca¬ 
tion  and  degree  of  Che  attached  growth  are  somewhat  different.  The  reasons  for  this  are 
not  apparent.  Figur-s  20  and  21  show  Coating  C,  i.  dichi ornate-cured  po'ysulfide.  No 
visible  growth  is  apparent  on  either  of  the  rods  exposed  to  the  mixed  inoculum.  This 
coating  immediately  imparted  a  yellowish  coloration  to  the  3-H  when  immersed  in  the 
culture  medium.  Growth  on  the  coatir.g  and  medium  were  inhibited.  After  28  days  ot 
incubation,  a  slight  cloudiness  due  to  bacterial  growth  was  visible  in  the  B-H  medium. 
However,  after  35  days  of  incubation,  microbial  growth  on  this  coating  was  rated  as  at 
least  moderate,  thus  indicating  that  the  microbial  inhibition  was  not  permanent.  Fig¬ 
ures  22  and  23  show  Coatir.g  D,  a  manganese  dioxide-cured  poiyaulfide.  On  specimens 
in  mixed  inoculum  culture,  heavy  mixed  microbial  growth  can  be  observed  at  the  inter¬ 
face  area  o'  exposure,  at  d  moderate  growth  in  the  B-H  area.  No  differences  due  to  the 
type  of  aluminum  treatment  can  be  seen.  As  shown  in  Tables  8  and  9,  all  other  coatings 
had  attached  microbial  growth  after  varying  incubation  times. 

Aftet  12  months  of  erpneuis  to  the  jet-fuel  culture  system  described,  only  two 
coatings  shewed  a  Mgniflexr.t  change.  These  were  the  p.lysulfide  Coating  C  and  the 
nylon  Coating  H.  The  observations  were  made  on  single  rpccimsns  only,  since  the  three 
other  replica**  specimens  had  been  removed  from  t's  system  previously  for  tvah'ttion. 
The  dsteriori  ion  in  both  caeee  consisted  of  a  flaking  away  of  the  coating  f.-orn  the  sub¬ 
strate,  leaving  bare  areas  of  aluminum  approximately  i  sq  mm  in  area.  In  both  cases, 
the  property  change*  eov.ld  have  b**n  attributed  to  th*  effect  of  water,  since  ooth  nylon 
and  dichromat*-cur*d  polysulfid**  w*r*  found  to  b*  water-.ltnsitive. 

Becrus*  it  wae  considered  desirable  not  to  disturb  the  standard  jet  fuel- BH  systems 
in  which  the  coating*  were  exposed,  pH  determinations  >.ot  irsde  during  most  of  the 

experiments.  Towsrd  th#  st.d  of  ths  program  s  sst  of  slr.rt role#  capable  of  measuring 
pH  on  one  drop  oi  material  wss  acquired.  This  has  sl'owsd  7  termination  of  the  pH  with 
essentially  no  disturbance  of  the  BH  medium  contain!. ,;v  mu.  n  organisms  .  Drops  of  ths 
medium  were  removed  from  exposure  systems  by  mss:-  ?■'  .t«- rile  pipettes  so  that  ths 
possibility  of  contaminating  the  eyeteme  was  minim'secl  Results  of  tome  of  these  pH 
determinations  ere  summarised  in  Table  10.  Keepi  .g  in  mind  that  ths  initial  pH  of  the 
BH  solution  was  in  the  range  of  6.  9  7.0,  some  generalisation*  ca.t  be  mads  concerning 
pH  change  ir.  sterile  and  inoculated  systems  containing  Costing  A  (Buns  N)  snd  Costing  B 
(a  two-part  polyurethane)  and  appropriate  controls: 


4) 


w 


I 


F 


V 


A I 


Costing  Ar«ti  of  Ckyoaura: 

W  ■  "Watar"  phaaa  (Suahnall'Hana) 

1  *  Inliifto 
F  *  Fual  pkaaa 
V  »  Vapor  pkaaa 
A!  ■  Bara  aluminum  rod 

Spatunan  Coding : 

A  »  Spaceman  *«j>oaa4  to  miaad  inoculum 
for  f|  day  a 

8  »  Spactman  aspoaad  lo  alarila  madia 
for  til  day* 

C  ■  Noaavpoaad  aputtmc* 


*•0171 


FIGURE  IS.  DIAGRAM  SHOWING  ARRANGEMENT  OF  COATED  ROD  SPECIMENS 
IN  FIGURES  Ik  THaOUGN  ti,  AND  AREAS  OF  SPECIMEN 
EXPOSURE  TO  CULTURE  5YSTI  M  DIAGRAMMED  IN  FIGURE  It 


It 


(3420 


FIGUM  1*.  (UNA  N  COATING  A  ON  ANODtZiD  ALUMINUM  RODS,  01  DAYS  OF  EXFOSUM 


( 


Rod  idtmtflcAllae  la  Fi|ut*  IS. 


i 


rur. 


FICURZ  17.  (UNA  N  COATING  A  ON  UBD1TT>  ALUMINUM  *PO».  I»  DAYS  OF  lAM  '  M 
Rad  >4>Mlfu>tior  l b  Ftyar*  IS. 
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r  41h 

FIGURE  18.  POLYURETHANE  COATING  B  ON  ANODIZED  ALUMINUM  RODS,  28  DAYS  11  E  ’OsURK 
Rod  identification  in  Figure  16. 


FIGURE  1C.  POLYURETHANE  COATING  B  ON  IR1DITED  ALUMINUM  RODS,  S?  DAYS  IK  1 


C!3M 

iMsi*  mcostmt 


‘■i 


.  i  i  kn>-.rar 
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FIGURE  S3.  POLYSULFIDE  COATING  D  ON  ANODIZED  ALUMINUM  RODS,  28  DAYS  OF  EXPOSURE 
Rod  Identification  In  Figutt  IS, 


C7J82 

FIGURE  S3.  POLYSULFIDE  COATING  L'  ON  IHDITr  D  ALUMINUM  ROOS,  IF  DATS  OF  EXPOSURE 
Rod  Idtntlflcition  In  Figure  IS. 
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(1)  .Little  or  no  pH  change  of  the  B-H  medium  was  found  in  sterile  systems 
i  1  which  no  coated  rods  were  exposed. 

(2)  Slight  fluctuations  in  pH  of  the  B-H  medium  were  observed  in  sterile 
exposure  systems  in  which  the  above-mentioned  coatings  were  ex¬ 
posed  for  periods  of  up  to  13  months, 

(3)  Significant  changes  in  pH  were  observed  in  inoculated  exposure  systems 
containing  aluminum  rods  to  which  the  coatings  mentioned  above  were 
applied.  The  pH  values  of  the  systems  became  progressively  lower 
with  time,  down  to  a  pH  as  low  as  3.  20  in  390  days.  This  was  ob¬ 
served  for  both  coatings  evaluated. 

TABLE  10.  pH  CHANGE  IN  MIXED-INOCULUM  EXPOSURE  SYSTEMS  CONTAINING  COATED  ALUMINUM  RODS 


Coating 

Code 

Type  of  Expoiurrf*) 

phO) 

Letter 

Initial 

17  daw 

180  da  vi 

390  da yi 

A 

Sterile 

6.  8-7.0 

6.7 

7.1 

6.7 

Inoculated 

6. 8-7.0 

6.0 

5.3 

3.2 

8 

Sterile 

6.  8-7.0 

6.6 

7.4 

6.7 

Inoculated 

6.8-7. 0 

6.1 

5.2 

3.3 

Note:  Culture  syitem  counted  of  Sean  port  JP-4  fuel  tod  Buihnell-Htn  mineral  itlu  medium. 

(a)  r  tie  it  reading!  vrere  taken  os  vaiioui  itandaid  expoeire  tyitemi,  which  were  uted  alto  to  take  rating!  fur  degree  of  attached 
microbial  growth  and  to  make  electrical-retituoco  mcaiuremenu.  The  Utter  data  are  repotted  cite  where  in  thii  report. 

Both  coating!  had  modeute-piofuK  attached  microbial  growth  within  28  dayt.  and  both  had  ugniflcaat  loaiei  in  electrical 
tetitunce  after  1  year  of  expeeurc. 

(b)  Average  pH  of  two  templet,  pH  lakes  with  Beckman  Model  E  |Ua  electrode  pH  meter  equipped  with  1-drop  electrode!. 

These  rather  drastic  changes  in  pH  would  surely  tend  to  increase  the  corrosive¬ 
ness  of  the  B-H  medium.  It  also  strongly  supports  a  suspected  relationship  between 
growth  and  corrosivity  in  aircraft  fuel  systems.  It  is  noted  that  the  lower  part  of  the  pH 
range  of  B-H  after  6  months  of  incubation  approximates  pH  readings  obtained  for  the 
corrosive  tu-np  samples  collected  at  Air  Force  bases  and  evaluated  at  Battelle.  For 
example,  su<  ps  from  Loring  Air  Force  Base  and  Bigge  Air  Force  Base  had  pH  readings 
of  4.  5  and  4.  7,  respectively. 


Changing-Medium  Exposure.  Static  exposure  indicated  a  need  for  (1)  an  acceler¬ 
ated  method  of  exposure,  and  (2]  increased  replication  of  specimens.  An  attempt  to 
accomplish  (1)  was  made  by  using  the  method  outlined  in  tha  ssetion  headed  Preparation 
of  Culture  System  except  that  the  costed  specimens  were  subjected  to  entirely  new  ex¬ 
posure  systems  on  a  21-day  schedule.  In  a  rather  large  experiment,  in  which  8  repli¬ 
cates  were  included  for  each  coating,  4  such  system  changes  (5  total  exposures  tc  new 
systems)  were  completed.  Then  the  final  exposure  systems  with  the  specimens  were 
placed  in  an  incubator  at  30'C,  observed  periodLally  for  attachment  of  growth,  and 
evaluated  by  means  of  electrolytic-resistance  measurements. 

This  changing-medium  experiment  was  terminated  at  “he  end  of  the  program,  at 
which  time  no  changes  in  the  electrolytic  resistance  of  any  of  the  coatings  had  occurred. 


This  resulted  despite  the  fact  that  there  was  moderate-to-heavy  attachment  of  microbial 
growth  on  the  coatings  during  a  total  of  more  than  4  months'  exposure.  This  was  un¬ 
expected  since  it  was  believed  that  the  effect  of  the  microorganisms  as  well  as  leaching 
by  both  fuel  and  water  would  tend  to  accelerate  coating  deterioration. 

An  interesting  observation  was  that,  following  the  second  system  change  (third 
exposure),  emulsification  was  evident  in  some  cases  at  the  interface  of  the  fuel  and 
B-H  medium.  None  occurred  in  sterile  control  systems  containing  these  coatings. 

These  were  Coatings  I,  .C,  P,  Q,  S,  and  T.  The  emulsions  were  not  stable  and  did  not 
recur.  Emulsification  probably  resulted  from  the  combined  effects  of  initial  shake- 
incubation,  leaching  of  materials  from  the  coatings,  and  the  presence  of  micro¬ 
organisms. 


Combined  Coatings.  In  certain  instances  one  coating  type  has  been  applied  over 
another  as  a  means  of  achieving  desirable  characteristics  not  obtainable  with  either  one 
alone.  Although  this  is  not  widely  practiced  in  the  aircraft  industry,  dual  application  of 
some  coatings  is  known  to  be  in  use  on  a  limited  scale.  Three  experiments  were  con¬ 
ducted  to  determine  whether  Buna  N  (Coating  A)  when  used  in  combination  with  poly¬ 
urethane-type  coatings  is  more  or  less  susceptible  to  microbial  attachment  and  deterio¬ 
ration  in  static  exposure.  The  results  of  these  experiments  are  presented  in  Table  11. 
None  of  the  coatings  tested  is  particularly  resistant  to  microbial  attachment.  The  same 
may  be  said  for  all  combinations  of  coatings  evaluated. 


Biocidal  Effect'veness  of  Furan-Type  Coatings.  Coatings  I  and  J  were  evaluated 
to  determine  the  microbial  resiatance  of  furan-type  coatings.  Experiments  were  con¬ 
ducted  by  previously  described  methods  in  which  8-ot  prescription  or  wide-mouth 
bottles  containing  the  jet  fuel- Bushnell-Haas  culture  system  and  mixed  inoculum  were 
employed.  Furan-type  coatings  had  been  reported  in  the  literature*  to  resist  microbial 
growth,  and  in  some  cases  to  sterilise  fuel  in  contact  with  the  coating. 

The  initial  experiment  was  a  continuous  reciprocal- shake  incubation  of  Coating  I 
on  aluminum  panel  specimens  supplied  by  RTD,  Buna  N  and  polyurethane  coatings  wore 
included  in  the  experiment  for  comparison.  Briefly,  it  was  found  that  attached  micro¬ 
bial  growth  co  ’d  be  observed  within  3  days  on  all  coating  materials  and  that  this  growth 
increased  to  r  .oderately  heavy  proportions  in  28  days,  especially  in  water-fuel  interface 
areas  of  exposure,  Ths  furan-typr  coating  appeared  to  be  slightly  more  resistant  io 
microbial  attachment  than  Buna  N  and  the  two-part  polyurethane. 

Another  obser\  ilion  mads  s’  this  time  was  that  a  thick  emulsion  formed  in  the 
medium  at  the  water-fuel  interface  in  inoculated-culture  exposure  systems  containing  the 
furau  coating,  as  well  as  <n  o'her  culture  setups  cont'ining  Buna  N  and  polyurethane- 
coated  specimen*.  No  emulsions  were  observed  when  these  coatings  were  shake- 
incubated  in  sterile  media.  Formation  of  the  emulsion  was  undoubtedly  due  partly  to  the 
continuous  shaking  and  the  production  of  an  emulsifying  agent  by  microbial  utilisation  of 
fuel  or  components  of  the  coatings  The  consistency  of  the  emulsion  was  mayonnaise- 
like,  similar  apparently  to  emulsions  reportedly  found  in  field  inspections  of  integral 
jet-fuel  tanks 

‘McC.rcjo*.  h  M.,  DnU  III.  pj>  21-31  tfaroury,  i**J). 
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TABLE  11.  EARLIEST  APPEARANCE  OF  MODERATE-TO-HEAVY  MICROBIAL 
GROWTH  ON  EXPOSED  COATINGS 


Mixed- Inoculum  Scudiei  in  Cullute  Syiiem  of  Seanport  JP-4 
Fuel  and  Buitinell-Haat  Mineral  Salta  Medium 


Time  in  Days  for  Moderate- to-He*vy  Microbial 
Growth  to  Occur  at  30° 

Anodized  7015 -T 6 

Aluminum  Rod! 

Iridite-Treated  7075-T6 

Aluminum  Rodi 

Coating  Code  Letter! 

On  ConingW 

In  Media  W 

On  CoatingO*)  In 

Medial) 

A  alone 

3 

Experiment  I 

3 

3 

3 

E  alone 

3 

3 

5 

3 

E  over  A 

3 

3 

S 

3 

F  alone 

3 

3 

5 

3 

f  over  A 

3 

3 

3 

3 

G  alone 

3 

3 

3 

3 

G  over  A 

3 

3 

3 

3 

H  alone 

3 

3 

3 

3 

H  over  A 

3 

3 

3 

3 

K  alone 

3 

3 

s 

3 

K  over  A 

3 

3 

3 

3 

A  alone 

5 

Experiment  U 

3 

5 

3 

A  over  B 

3 

3 

14 

3 

1  over  A 

5 

3 

3 

3 

B  alone 

7 

3 

3 

A  alone 

S 

Experiment  Ul 

3 

7 

3 

C  alone 

7 

3 

& 

J 

£  over  A 

3 

3 

3 

3 

A  over  C 

3 

3 

3 

a 

G  alone 

5 

3 

5 

3 

A  over  G 

3 

3 

3 

3 

(a)  Earltei'  tir.,*  at  which  at  lean  a  2  rating  (demlbed  in  Table  ()  wat  obatrvad.  tinea  daily  rating!  of 
growth  wart  not  made,  the  dayt  noted  art  not  prectia  indication!  of  when  moo  trait  a  mount!  of  growth 
actually  occurred,  Prettntatton  of  the  data  in  dm  manner  altowa  tome  -iwnpartaon  of  the  ooatlngi 
evaluated. 

All  of  thett  coatlngi  and  coating-comhinattom  had  very  heavy  microbial  growth  attached  at  the  interface 
after  21  dayi  of  Utcubation. 

(b)  Refer  to  footnote*  in  Table  (. 


This  experiment  was  repeated  in  a  continuous  rotary-shake  incubation,  using  Coat¬ 
ing  1  applied  on  aluminum  panels  at  Battelle.  The  results  with  respect  to  microbial 
growth  and  attachment  were  essentially  the  same  as  those  reported  above,  except  that 
the  growth  on  the  furan  coating  occurred  more  slowly  and  less  profusely.  No  emulsions 
were  formed  in  this  experiment  although  the  shaking  rate  in  both  experiments  was  90 
rpm.  A  possible  explanation  for  the  lack  of  emulsion  formation  is  that  the  rotary  motion 
causes  lees  agitation  of  the  media  than  does  the  reciprocal  motion. 

The  slight  variability  in  experimental  results  at  Battelle,  together  with  reports 
from  other  laboratories  that  this  coating  was  highly  resistant  to  microbial  attack,  led  to 
the  theory  that  cure  time  is  important  in  the  performance  of  this  coating  when  exposed 
to  the  growth  of  microorganisms.  An  experiment  was  designed  to  test  this  theory.  The 
procedure  followed  is  described  in  the  section  entitled  Preparation  of  Culture  System. 
Both  anod.'sed  and  Iridited  aluminum  rods,  coated  with  Coating  1,  were  exposed  after 
2-hour,  2-day,  and  7-day  cures  at  room  temperature.  Results  after  28  days  of  exposure 
are  given  in  Table  12.  Compared  with  microbial  growth  in  inoculated  controls,  it  was 
observed  after  the  3-day  period  of  shake  incubation  that  growth  was  severely  inhibited 
in  fuel-BH  systems  containing  the  2-hour-cured  specimens,  only  slightly  inhibited  in  the 
2-day  systems,  and  not  at  all  in  the  7-day  systems.  In  subsequent  evaluations  up  to  a 
28-day  period,  growth  very  slowly  increased,  particularly  at  the  fuel-water  interface, 
in  the  2-hour  and  2-day  cured  systems. 

TABLE  12.  RATING  OF  MICROBIAL  GROWTH  IN  CULTURE  MEDIA  AND  ON 
FURAN-COATED  ALUMINUM  (ALLOY  7075-T6)  RODS  AFTER 
28  DAYS  OF  SHAKE-STATIC  INCUBATION  AT  30*C 


Coating  1, 
Cure  Time 

Rating  of  Microbial  GrowthU) 

Anodised  Aluminum 

Iridited  Aluminum 

■B3SSS ETtiMi 

■raigmiM 

FM  . . .  |1 

In  Media(b) 

2  hours 

• 

- 

- 

2  days 

♦+ 

44 

44 

7  days 

444 

♦4 

44 

Note  No  microbial  growth  occurred  In  usrtls  (non Inoculated)  culture  meets  (water  or  fuel)  control  tynemi  In  which 
duplicate*  of  the  above  coated  torft  were  eepoeed. 

(e)  The  rating  rytte  ured  it 


*  »  no  g  #th  vtilbie 

•  *  (light  vtuWe  growth 

•  •  r  moderate  vUtble  growth 
•  ••  •  heavy  vttible  growth. 

(t>)  Met  to  footrotci  In  Table  I. 

It  may  be  stated  that  (or  short  psriorls  of  time  furan-type  coatinge  appear  to  be 
•omewhat  inhibitoiy  to  attainment  of  microbial  growth  Thie  it  especially  true  when 
thie  coating  is  exposed  to  culture  growth  very  soon  after  application  and  ie  probably  due 
to  the  pretence  of  leechsblt  biocidal  substances  in  the  undcrcumd  costing. 


Microbial  Resistance  of  Steel  Coatings 

The  program  was  expanded  late  in  1 963  to  include  an  evaluation  of  coatings  used 
(or  eteel  ground  storage  tanka  and  carrlere.  Six  such  coatinge  were  exposed  to  the 
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standard  mixed  inoculum  in  the  Searsport  JP-4  fuel  -  Bushnell-Haas  mineral  salts 
medium.  The  coating  materials  were  applied  by  the  fill-and-drain  technique  to  3/8- 
inch-diameter,  solvent-cleaned  and  grit-blasted,  hot-rolled  steel  (CQ-S-636)  rods.  The 
rods  are  approximately  5  inches  long  and  rounded  at  the  immersion  end,  as  were  the 
aluminum  specimens.  The  coatings  were  cured  for  7  to  10  days  at  room  temperature  as 
specified  by  the  manufacturer. 

Attachment  and  growth  of  the  microorganisms  on  the  coatings  occurred  tapidly,  in 
most  cases  within  3  days.  As  previously  discussed,  water  extracts  of  these  coatings 
are  satisfactory  nutrients,  particularly  for  the  growth  of  the  bacterium,  P.  aeruginosa, 
and  to  some  extent  for  the  fung  ladosporoides.  Thus,  growth  of  microorganisms 

on  the  surface  of  the  coatings  i;  xpected. 

Electrolytic  resistance  values  lor  the  six  coatings  are  shown  in  Table  13.  The 
method  for  measuring  resistance  is  described  on  pages  38  to  60.  Each  coating  was 
tested  on  8  steel  rods  in  each  exposure;  thus,  each  resistance  value  in  the  table  is  the 
average  of  8  readings.  Initial  readings,  taken  after  3  days  in  sterile  and  inoculated 
exposure,  indicate  that  these  materials  have  about  the  same  electrolytic  resistance  ac 
coatings  for  aluminum.  (See  Electrolytic  Resistance  of  Coatings  After  Microbial 
Exposure.)  Two  coatings  (N  and  V)  show  slightly  lower  resistance  in  inoculated  exposure 
as  compared  with  sterile  exposure.  This  is  not  sufficient  to  indicate  lots  of  protection 
for  the  steel.  Another  coating  (W)  presents  an  interesting  example  of  how  electrolytic- 
resistance  measurement  can  detect  deterioration  of  the  coating.  Seven  of  the  8  speci¬ 
mens  of  this  material  in  microbial  exposure  showed  little  change  in  resistance  after  7 
months  of  exposure.  However,  one  specimen  began  to  show  a  loss  in  resistance  after 
about  4-1  ll  months.  Its  resistance  continued  to  decrease  to  a  rather  low  value  com¬ 
pared  with  the  others.  After  about  6  months  it  was  noted  that  a  blister  had  raised  on 
this  specimen  and  that  corrosion  products  had  formed  beneath  the  coating.  There  is  no 
way  of  knowing  whether  the  blister  and  subsequent  corrosion  of  the  steel  were  caused  by 
mic  roorganisms  or  whether  ion  transfer  through  the  coating  led  to  corrosion  which  in 
turn  raised  a  blister  in  the  coating.  Regardless  of  the  mechanism,  it  represents  a 
coating  failure  in  microbial  exposure. 

rxau  X-h  lUCTsonrtic  koistanc.-c  i*  steel  umtinus  excusei'  ro  sterile  amp  ikocuiatw 
JR-4/IUSHNEU.-MAAS  MIXTURES 
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A  coating  based  on  the  cathodic  rvrotection  afforded  by  a  sine  compound  showed 
continued  low  resistance  throughout  the  test.  Because  of  this  it  is  not  possible  to  gage 
the  performance  of  this  material  b"  means  of  the  present  electrolytic- resistance  appa¬ 
ratus.  However,  if  needed,  a  modified  exposure  cell  could  be  constructed  that  would 
permit  more  precise  readings  of  lower  resistance  values.  It  would  probably  be  advan¬ 
tageous  also  to  measure  these  coatings  as  free  films. 


Coating-Evaluation  Methods 


One  of  the  problems  arising  from  this  study  has  been  the  measurement  of  changes 
in  coatings  caused  by  microbial  exposure.  Initially,  it  was  thought  that  visual  observa¬ 
tion  {either  by  eye  or  by  microscope)  might  be  effective.  However,  after  the  mixed 
microbial  exposures  were  begun  and  several  months  passed  with  no  visible  evidence  of 
coating  change,  it  was  realised  that  some  other  method  would  have  to  be  found.  In  addi¬ 
tion,  a  quantitative  measurement  of  changes  in  the  coating  was  desired.  Ideally,  the 
measurement  method  should  not  disturb  the  microbial  growth  or  damage  the  coating.  A 
number  of  evaluation  methods  were  investigated  -  some  destructive  and  others  non¬ 
destructive.  The  moat  promising  procedure  involved  determination  of  the  electrolytic 
resistance  of  a  coating  applied  to  a  metal  specimen.  The  various  methods  studied  and  a 
brief  description  of  each  are  given  below. 


Pencil  Hardness 


In  initial  studies,  changes  in  coating  properties  caused  by  exposure  to  water,  fuel, 
and  microorganisms  were  measured  by  pencil  hardness.  In  this  method,  drafting 
pencils  with  conventional  hardness  designations  of  6B,  SB,  4B,  3B,  2B,  B,  HB,  F,  H, 
2H,  3H,  4H,  SH,  and  6H  (listed  in  order  of  Increasing  hardness)  are  sharpened  in  a 
standard  manner,  and  pushed  across  the  coating.  The  hardness  rating  is  taken  as  the 
designation  of  the  pencil  that  just  penetrates  the  coating. 

The  method  is  simple,  fast,  and  has  good  reproducibility.  However,  some  coat¬ 
ings  in  this  program  were  too  soft  to  be  checked  by  this  method.  This  was  particularly 
true  c(  the  polyauUidea  and  the  furan-type  coatings.  Also,  the  method  was  destructive 
and  did  not  pern.  measurement  in  areas  of  small  surface  Imperfections,  bines  the 
method  could  not  ae  used  with  all  coatings,  its  use  was  discontinued. 


Light  Microscopy 

Microscopic  study  of  a  coating  appears  to  offer  the  most  direct  way  of  showing 
deterioration.  However,  visual  and  microscopic  examiration  of  tope  oat  Inge  on  aluminum 
was  difficult  because  Ue  thin  polymer  coatings  tendsd  to  follow  {not  fill  in)  microscopic 
imperfections  (striations  or  pits,  for  example)  in  the  underlying  aluminum  surface. 

Thus,  it  was  very  difficult  to  determine  urhether  a  coating  surface  had  been  deteriorated 
by  microorganisms  or  is  merely  following  imperfections  in  the  aluminum  surface.  In 
addition,  reflectance  of  light  from  the  aluminum  surface  back  through  the  thin  coating  as 
well  as  from  the  surface  of  the  coating  also  made  interpretation  of  microscopic  obser¬ 
vations  very  difficult.  Microscopic  examination  is  also  time-consuming  and  suffers  from 
the  fact  that  an  observation  cannot  be  quantitatively  evaluated. 
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The  microscope  can  be  used  in  two  ways:  (1)  to  show  defects  in  the  coating,  such 
as  blisters  and  craters,  caused  by  exposure  to  microorganism,  or  (2)  to  show  microbial 
embedment  in  the  surface  —  a  type  of  incipient  failure  which  in  effect  may  be  a  pre¬ 
deterioration  state.  The  detection  of  embedment  requires  magnification  of  from  1000  to 
1500X.  In  order  to  assist  the  observation  of  the  coatings  at  these  high  magnifications  of 
the  light  microscope,  differential  staining  was  investigated  as  a  means  of  resolving  the 
microorganisms  and  to  provide  a  basis  for  depth  measurement.  The  water-soluble 
stain,  crystal  violet,  was  used  to  color  the  microorganisms,  and  an  oil-soluble  red  dye 
was  used  to  stain  the  coating.  This  method  was  effective.  However,  the  dye  acceptance 
of  the  various  topcoat  materials  differs  widely,  and  further  work  would  be  needed  to 
find  the  most  effective  dyes  for  each  coating. 

The  search  for  surface  changes  caused  by  microorganisms  can  be  carried  out  at 
lower  magnifications,  since  it  is  not  necessary  to  view  the  microorganisms.  However, 
no  significant  damage  could  be  noted  in  100  to  200X  magnifications  of  coatings  exposed 
to  microorganisms  for  1  year. 


Light- Sectioning  Microscopy 

This  is  a  new  development  of  conventional  microscopy.  In  this  method,  two 
microscope  objectives  are  focused  on  a  small  area  of  a  surface.  By  means  of  light  in¬ 
terference,  a  profile  of  the  surface  of  the  sample  is  obtained.  This  method  was  explored 
and  judged  to  be  useful  for  describing  heavy  surface  damage.  However,  since  little 
change  occurred  in  the  coatings  during  standard  laboratory  exposures,  light- sectioning 
microscopy  could  not  be  applied  in  this  study. 


Electron  Microscopy 

Electron  microscopy  appears  to  be  a  promising  method  for  examining  coating  sur¬ 
faces,  this  method  has  been  explored  only  with  the  polyurethane  coating  (Coating  B). 
However,  several  interesting  obeervationa  have  been  made,  including  etudy  of  attached 
microbial  growth  on  the  aurface  of  the  coating,  and  a  comparison  of  the  eurface  mor¬ 
phology  of  coatings  applied  by  three  different  coating  methods.  The  principal  disad¬ 
vantage  to  ele  ron  microscopy  ie  that  it  is  time  consuming  and  coatly.  However,  the 
method  shows  promise  for  early  detection  of  coating  change. 

A  replication  technique  waa  uaed  in  the  electron  microacopic  examinations. 

Replicas  were  prepared  Uy  softening  one  side  of  a  cellulose  acetate  atrip  with  acetone, 
pressing  this  against  the  coating  surface,  allowing  it  to  dry,  and  stripping  it  from  tba 
surface.  Replicae  of  adherent  bacterial  cells  and  fungus  mycelia  as  well  as  the  polyure¬ 
thane  aurface  etructure  were  obtained  by  this  technique. 

Shadowed  replicas  were  made  from  the  initial  cellulose  acetate  images  by  vacuum 
deposition  of  platinum  on  apecimana  bald  at  a  45-degre*  angle  in  the  vacuum  chamber. 
Carbon  waa  aubeaquently  evaporated  in  vacuum  and  deposited  on  Specimens  at  normal 
incidenct.  The  cellulose  acetate  wee  then  removed  with  acetone,  leaving  ths  thin 
carbon-platinum  replica  which  waa  viewed  and  photographed  in  the  electron  microscope,* 

Rpretroeae  prepared  nH  ptw«uw»pheV  py  C.  W.  Melton,  MlcroKopy  DtrUtoe.  The  clectrea  microscope  ueed  «i  Model  RM-S, 
lapse  (Metros  Optkt  Compaay. 
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Polyurethane  surfaces  of  specimens  exposed  for  2  weeks  to  pure  culture  growth  of 
Pseudomonas  sp.  (B-39)  and  Hormodendron  sp.  (B-55)  were  replicated  as  described 
above,  along  with  appropriate  control  specimens.  Electron-micrograph  reproductions 
at  8750X  magnification  are  presented  in  Figures  24  through  27,  The  following  comments 
can  be  made: 

Figure  24.  Nonexposed  polyurethane.  The  granular  appearance  is  believed 
to  be  due  to  the  chromate  filler  in  this  elastomer.  The  uniformity  of  this 
surface  is  good,  but  several  distinct  areas  of  imperfection  are  apparent. 

Figure  25.  Polyurethane  surface  exposed  to  the  water  part  of  a  water-fuel 
system.  This  is  similar  to  the  nonexposed  control  (Figure  24)  except  that 
"erosion"  appears  to  have  occurred  in  the  upper  right  part,  and  unidentifiable 
depositions  of  small  particles  of  material  are  evident  throughout  the  area 
photographed. 

Figure  26.  Polyurethane  surface  exposed  to  B-39  bacterial  growth  in  the 
water  portion  of  a  water-fuel  culture  system.  Bacterial  cells  are  easily 
observable  in  both  photographs  (see  arrows).  The  cells  appear  to  be 
somewhat  embedded  in  the  surface  of  the  polyurethane.  In  both  photographs, 
honeycomb  areas  near  or  around  bacterial  cells  may  be  evidence  of 
deterioration. 

Figure  27.  Polyurethane  surface  exposed  tc  fungal  growth  (B-55)  in  the 
water  of  a  water-fuel  culture  system.  The  large  fungus  mycelia  (noted 
by  arrows)  occupy  major  portions  of  the  area  in  both  photographs.  "Flaps" 
at  the  edge  of  the  mycelia  may  be  the  beginning  of  penetration,  i.  e. ,  dis¬ 
solving  away,  of  the  polyurethane  film  by  mycelial  by-products. 


Penetration  Tests 


The  Australian  Defense  Scientific  Service  has  devised  a  penetration  test  to  com¬ 
pare  the  deterioration  resistance  of  various  coatings.  In  this  test  the  coating  is  used  as 
a  it  embrane  separating  two  media.  One  medium  is  startle  and  the  other  is  inoculated 
with  a  microbial  culture  system.  The  time  required  for  microorganisms  to  penetrate 
the  coating  and  t  appear  as  growth  on  the  sterile  side  is  taken  as  a  measure  of  the 
relative  resistance  of  the  coating. 

Two  variations  of  the  Australian  method  were  studied.  The  first  was  proposed  by 
the  Coordinating  Research  Council.  In  the  Australian  method,  the  coating  is  used  as  a 
free  film  or  applied  as  a  coating  to  *  ylon  cloth.  The  free  or  unsupported  films  are  glued 
over  the  end  of  a  glass  tube  that  contains  the  inoculated  media.  The  tube  is  then 
immersed  in  a  sterile  fuel-water  system.  The  CRC  me. hod  differs  in  that  the  coating  is 
applied  over  an  aluminum  screen  crimped  into  one  and  of  an  aluminum  tube.  Drawbacks 
to  this  latter  method  are  the  variability  in  thickness  of  the  coating  between  the  wires  of 
the  aluminum  screen  and  the  difficulty  of  avoiding  small  bubbles  when  applying  it. 

In  the  hope  of  providing  a  more  uniform  coating,  a  second  variation  was  investi¬ 
gated  at  Battelle.  In  this  method  the  coating  is  laid  down  on  a  self-releasing  surface.  It 
is  then  removed  as  a  free  film  and  placed  over  an  aluminum  dirk  having  a  1/16  or 
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FIGURE  24.  REPLICA  ELECTRON  MICROGRAPH  OF  NONEXPOSED  POLYURETHANE  SURFACE 
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FIGlHf  ty  REPUCA  ILTCTRON  MICROGRAPH  Of  POO  URETHANE  SURFACE  EXPOSED  i  l*  STERJ-.F 
CULTURE  SYSTEM  DESCTB9ED  IN  FIGURE  4.  TWO  WEEKS'  EXPOSURE 
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FIGURE  27.  REPLICA  ELECTRON  MICROGRAPHS  OF  POLYURETHANE  SURFACE  EXPOSED  TO 
Hormodendron  ip.  (B-50)  IN  THE  CULTURE  SYSTEM  DESCRIBED  IN  FIGURE  4, 
TWO  WEEKS*  EXPOSURE 

The  elaitomer  surface  shown  was  exposed  in  the  "water"  (Busnncll-Haas) 
portion  of  the  water-fuel  system.  Arrows  indicate  fungus  mycciia. 
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1 /64-inch  hole  in  the  center.  The  disk  is  sealed  in  the  end  of  a  glass  tube  ind  used  in 
the  same  manner  as  in  the  other  penetration  tests.  Figure  <18  is  a  diagram  showing  the 
apparatus  for  the  penetration  tests. 

Two  coatings  vere  investigated  -  one  based  on  Buna  N  (Coating  A)  and  the  other  on 
a  polyurethane  (Coating  B).  A  mixed  microbial  culture  consisting  of  Pseudomonas 
aeruginosa  and  Homodendron  cladosporoides  was  used  as  specified  in  the  CRC  proce¬ 
dure.  Penetration  failures  of  duplicate  coating  films  were  observed  in  as  short  a  time 
as  11  days  and  as  long  as  32  days.  Some  tests  continued  for  150  days  without  showing 
penetration.  Similar  results  were  experienced  with  the  single-orifice  method,  it  was 
concluded  that  both  penetration  tests  are  too  variable  in  their  present  form  to  be  used 
for  the  evaluation  of  coatings. 


Moisture- Vapor  Transmission 

Measurement  of  the  moisture-vapor  transmission  rate  (MVTR)  of  coating  films 
was  explored  as  a  means  of  detecting  changes  due  to  microbial  action.  The  rate  of 
passage  of  a  gas  or  vapor  through  a  coating  is  dependent  on  poroBity  as  well  as  film 
thickness.  It  was  felt  that  any  microorganism-induced  damage  to  a  film,  such  as 
pitting,  pin-holing,  or  even  softening  and  blistering,  might  show  up  as  changes  in  the 
rate  of  passage  of  moisture  vapor  through  the  film.  Moisture  vapor  was  selected  rather 
than  some  other  gas  because  penetration  of  the  coating  by  water  in  service  is  most  likely 
to  result  in  eventual  corrosion  of  the  metal  underneath. 

Since  it  is  possible  to  measure  the  moisture- vapor  transmission  rate  of  a  film 
both  before  and  after  exposure  to  microorganisms,  a  percentage  change  due  to  exposure 
can  be  obtained.  Thus,  it  is  not  necessary  to  be  as  concerned  with  the  internal  bubbles 
or  other  defects  as  ir.  the  CRC  penetration  test. 

The  moisture-vapor  transmission  rate  was  measured  as  described  in  ASTM  E96- 
53T,  Procedure  B,  Films  of  Buna  N  and  polyurethane  coatings  were  cast  in  thicknesses 
of  0.  5  to  1  mil.  The  Buna  N  films  were  unsupported,  but  it  was  necessary  to  support  the 
polyurethane  films  by  casting  them  on  cellophane.  Both  coating*  were  then  placed  over 
the  top  of  standard  moisture-vapor  transmission  cupa  containing  water.  The  assemblies 
were  maintain'  .  in  a  constant-temperatere  room  at  23*C  and  50  per  cent  relative  humid¬ 
ity.  Tne  cups  were  weighed  daily  to  record  weight  loss  of  water  vapor  through  the  film. 
Typical  MVTR  values  for  the  films  were  as  follows: 

_ Coating _  MVTR,  g/24  hr/sq  m/ mil 


Buna  N 

28 

Cellophane 

590 

Polyurethane  on  Cellophane 

25 

There  was  no  apparent  change  in  the  MVTR  values  of  the  films  exposed  to  micro¬ 
organisms  for  30  days.  It  is  felt  that  there  must  be  moie  evidence  of  coating  deteriora¬ 
tion  before  the  teat  could  be  fully  evaluated.  However,  it  is  believed  that  the  method 
could  be  used  in  the  quantitative  measurement  of  deterioration.  The  procedure  is  some¬ 
what  cumbersome  in  its  present  form  but  could  be  improved  with  the  design  of  special 
MVTR  cups. 
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Fluorescent-Dye  Technique 

Zyglo  (Magnaflux  Corporation)  is  a  comrrercial  method  for  detecting  fine  cracks 
in  metals.  The  sample  is  immersed  in  a  penetrating  oil,  then  exposed  to  a  fluorescent 
dye  which  is  carried  into  flaws  by  the  penetrant.  Finally,  the  surface  of  the  specimen 
is  washed  clean,  removing  all  dye  except  that  which  has  beer,  absorbed  into  flaws.  Ex¬ 
posure  of  the  sample  to  ultraviolet  light  reveals  the  flaws.  This  method  was  investi¬ 
gated  to  determine  whether  the  same  principle  -  penetration  of  surface  flaws  -  could  be 
used  to  detect  microbial  damage  to  coatings  on  aluminum  rods.  It  was  found  that  little 
if  any  surface  damage  occurred  on  the  coatings  as  the  result  of  microbial  exposure. 
However,  the  method  did  prove  effective  in  revealing  imperfections  i  litially  present  in 
coatings,  suggesting  its  use  to  compare  the  quality  of  coating*  prior  to  exposure. 


Electrographic  Printing 

Electrographic  printing*  was  explored  briefly.  In  this  method,  an  electric  current 
is  passed  through  a  specimen  in  contact  with  a  sensitised  paper.  Any  pinholes, 
scratches,  or  thin  spots  in  the  coating  permit  passage  of  ;he  current.  Aluminum  ions 
from  the  substrate  are  deposited  on  the  paper,  whicn  contains  a  dye  that  is  reactive  with 
aluminum.  Thus,  flaws  show  up  as  colored  spots  immediately  over  defective  areas  of 
the  coating.  The  method  appears  to  lack  sensitivity,  however.  Flaws  large  enough  to 
be  seen  by  eye  were  revealed  in  the  electrographic  print,  but  microscopic  imperfections 
did  not  show  up.  Nevertheless,  'electrographic  printing  made  an  important  contribution 
by  revealing  the  thinness  of  the  coating  at  the  edge  of  flat  aluminum  panels.  It  was 
decided  that  this  "edge  effect"  would  make  it  difficult  to  compare  coatings  and,  there¬ 
fore,  a  change  was  made  early  in  the  program  from  coated  flat  panels  tc  coated  rods. 


Electrolytic  Resistance 

During  this  study,  the  determination  of  electrolytic  resistance  of  coatings  appeared 
to  offer  the  most  promising  method  for  quantitatively  measuring  the  effect  of  exposure. 
Experience  gained  with  this  method  show*  it  to  be  sensitive  to  changes  in  the  coating, 
and  capable  ■  f  differentiating  between  the  effectn  of  sterile  and  microbial  exposure.  The 
method  has  t  j  further  advantage  that  the  property  determined  -  electrolytic  resistance- 
is  directly  related  to  the  corrosion  protecting  capabilities  of  a  coating.  This  viewpoint 
is  supported  by  references  in  the  literature,  two  of  which  are  given  below. 

Bacon,  Smith,  and  Rugg**.hav*  demonstrated  that  coatings  maintaining  a  resis¬ 
tance  greater  than  10®  ohms/enr.7  when  immersed  in  sea  water  gave  good  protection, 
where**  if  the  resistance  fell  below  10®  ohms/cm2,  corrosion  was  rapid.  It  has  been 
pointed  out  by  Maitland  and  Mayn****  that  corrosion  is  essentially  the  conversion  of  a 
metal  into  its  oxide,  which  may  or  may  not  dissolve  depending  on  the  pH  of  the  environ¬ 
ment.  The  driving  force  of  the  reaction  is  the  emf  of  the  metal/oxygen  cell  which  is  of 
the  order  of  1  to  2  volt*.  The  over-all  procese  can  be  broken  down  into  two  reactions: 

(l)  the  anodic  reaction,  consisting  of  the  passage  of  ions  from  the  metallic  lattice  into 
solution  as  hydrated  cations  with  the  liberation  of  electrons,  which  are  consumed 

* M.Uct,  H.  H.,  tnd  Wadi,  -D«velopro«m»  in  £l«ctrojr»phlc  Printing",  Plsttag.  47,  5S0-SS1  (M»y,  I  WO). 

••i«oon*  It.  C„  Smith,  I.  1.,  Rug(,  t.  M,,  tad.  tag.  Chem.,  40,  1*1  (1*41'. 

•**M»ltUnd,  C.  C,,  »nd  M«yn«,  I.E.O.,  Official  Dl|«l,  J4  (4SS),  »18(1WJ). 


elsewhere;  and  (2)  the  cathodic  reaction  involving  either  reaction  of  electrons  with  oxy 
gen  and  water  to  form  hydroxyl  ions,  or  with  hydrogen  ions  to  produce  hydrogen  mole¬ 
cules.  It  follows  that  these  processes  are  accompanied  by  a  flow  of  current  in  the  metal 
and  the  movement  of  appropriately  charged  ions  in  the  solution.  In  order  to  seduce  cor¬ 
rosion,  it  is  necessary  to  reduce  the  flow  of  the  corrosion  current.  This  can  be  done 
either  by  retarding  the  cathodic  or  the  anodic  reaction,  or  by  inserting  into  the  electro¬ 
lytic  path  of  the  current  a  very  high  resistance,  which  is  pedes  the  movement  of  ions 
and  thereby  reduces  the  corrosion  current  to  a  very  small  value. 

It  has  been  confirmed  that  organic -coating  films  are  so  permeable  to  oxygen  and 
water  that  they  cannot  prevent  corrosion  by  suppressing  the  cathodic  reaction.  It  has 
been  established  that  certain  pigments  may  modify  the  anodic  reaction;  yet,  there  are 
many  very  effective  paint  systems  that  do  not  contain  inhibitive  pigments.  The  view  in 
the  latter  case  is  that  protection  is  due  to  the  high  electrolytic  resistance  of  a  film  hav¬ 
ing  a  very  low  permeability  to  ions. 

It  was  shown  by  Maitland  and  Mayne  that  electrolytic  resistance  of  unpipmented 
organic -coating  films,  immersed  in  solutions  of  potassium  chloride,  is  controlled  by 
at  least  three  factors: 

(1)  The  temperature  -  a  rise  causes  a  fall  in  resistance. 

(2)  The  water  activity  of  the  solution  -  as  this  increases  more  water 
diffuses  into  the  film;  consequently,  more  ions  from  the  ionogenic 
groups  present  in  the  polymer  become  available  to  carry  the  cur¬ 
rent  and  the  resistance  falls. 

(3*  The  potassium  ion  concentration  and  the  pH  of  the  solution  -  an 
increase  in  either  favors  exchange  of  the  potassium  ions  with  the 
hydrogen  ions  derived  from  the  carboxyl  groups  initially  present 
in  the  polymer.  Since  the  potassium  ions  are  more  easily  ionised, 
the  resistance  falls. 

Kumins*  has  also  demonstrated  that  certain  organic  coatings  behaved  as  ion  ex¬ 
change  resins.  The  significance  of  these  references  is  that  they  explain  the  mechanism 
by  which  ions  are  moved  across  the  film,  and,  in  addition,  show  that  it  is  not  necv*sary 
to  have  mccha.  cal  imperfections  in  a  coating  film  for  failure  to  occur. 

The  role  of  microorganisms  has  thus  far  not  been  discussed.  It  is  known  that 
microorganisms  can  attach  themselves  to  the  coating  surface  and  can  form  a  mat  of 
growth  on  that  surface.  It  has  been  shown  in  previous  work  that  all  coating  material 
submitted  for  this  study  will  prov'  te  nutrients  for  microorganisms.  There  is  also  the 
possibility  of  the  presence  of  entymes  or  metabolic  products  from  microorganisms, 
most  likely  concentrated  in  areas  such  as  those  beneath  growth  mats.  It  is  possible  that 
the  ion-exchange  process  of  a  coating  film  can  bs  increased  by  microbial  action  (by  the 
increased  formation  of  ionogenic  group*  on  the  polymer  molecules).  Aleo,  the  microbial 
mat  can  serve  to  concentrate  gas  at  the  coating  surface.  Ions  in  solution  may  also  be 
concentrated  by  the  microorganisms  to  accelerate  the  ion-transport  mechanism.  A 
more  basic  study  than  the  present  one  would  be  required  to  show  whether  any  of  these 
mechanisms  occur  during  microbial  exposure. 


•Kumtiu.  C  A  .  Othc.  Dig  ,  34(461).  »4J  (1M2). 
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Electrolytic  resistance  of  a  coating  on  metal  specimens  is  determined  by  momen¬ 
tarily  placing  an  electrode  in  the  jar  containing  the  samples.  Thus,  readings  are  taken 
without  disturbing  the  sample  or  the  m.crobial  growth.  The  circuit  used  in  such  mea¬ 
surements  is  shown  in  Figure  29. 


FIGURE  29.  CIRCUIT  USED  FOR  MEASUREMENT  OF  ELEC¬ 
TRICAL  RESISTANCE  OF  COATINGS 


Experiments  were  carried  out  with  various  electrodes,  including  copper,  calomel, 
magnesium,  and  aluminum.  The  copper  and  magnesium  electrodes  seemed  to  give  the 
best  results  from  the  standpoint  of  simplicity  and  adequate  cell  voltage.  Since  the  cop¬ 
per  electrode  was  used  for  most  of  the  early  measurements,  its  use  has  been  continued. 
It  was  discovered  that  cell  resistance  tended  to  increase  steadily  over  a  period  of  sev¬ 
eral  minutes  or  even  hours  ar  readings  were  taken,  indicating  polarisation  of  the  metal 
surface.  This  reaction,  in  which  aluminum  oxide  is  formed,  is  undesirable  because  the 
Al^Oj  adds  an  unknown  high  resistance  to  the  circuit.  Various  methods  for  overcoming 
polarisation  were  investigated.  These  included  the  use  of  alternating -current  measure¬ 
ments  and  null-type  indicators.  However,  these  methods  proved  to  be  slower  or  less 
sensitive  than  the  procedure  now  used. 

It  was  f<  ind  that  polarisation  was  due  largely  to  the  flow  of  current  permitted  by 
a  1 -megohm  r  sistor  in  the  electrometer  circuit.  This  resistor  shunted  the  input  ter¬ 
minals  whenever  the  electrometer  was  switched  to  a  standby  condition.  When  the  mea¬ 
surement  procedure  was  changed  to  avoid  this  standby  condition,  polarisation  was  largely 
avoided.  The  only  other  time  when  a  relatively  low  resistance  is  shunted  across  the 
sample  occurs  when  a  standard  resistance  (R*)  is  placed  across  the  cell  to  obtain  the 
closed  circuit  voltage.  Polarisation  is  held  to  a  minimum  at  this  time  by  connecting  Rc 
just  long  enough  (abou,  1  second)  for  the  electrometer  to  indicate  an  initial  reading.  Fol¬ 
lowing  this  revised  procedure,  readings  could  be  taken  quickly  with  good  reproducibility. 

Electrolytic  Resistance  of  Coatings 
After  Microbial  Exposure 

As  indicated  in  the  section  on  Coating  Evaluation  Methods,  electrolytic  resistance 
measurement  of  coatings  provides  an  indication  of  changes  taking  place  during  exposure 
to  microbial  systems.  This  is  important,  particularly  when,  as  in  the  present  study, 


no  gross  visual  changes  can  be  observed.  The  only  other  means  for  rating  the  microb 
resistance  of  coatings  was  that  of  observing  the  time  for  microbial  growth  to  become  at¬ 
tached  to  the  coating  and  to  obtain  some  estimate  of  the  profuseness  of  the  growth. 

These  observations  do  not  reveal  changes  underneath  the  surface  of  the  coating  and  are 
not  necessarily  related  to  the  ability  of  the  coating  to  protect  the  underlying  metal  from 
corrosion.  Electrolytic  resistance,  on  the  other  hand,  is  related  to  current  flow  and 
hence  gives  a  relative  indication  of  the  metal  ion  flow  that  might  be  involved  should 
corrosion  occur. 

In  this  program  it  has  been  shown  that  microbial  exposure  eventually  lowers  elec¬ 
trolytic  resistance  of  coatings.  This  is  illustrated  in  Table  14,  which  shows  electrolytic 
resistance  of  coatings  exposed  on  aluminum  rods  for  1  year.  Most  coatings  exhibited  no 
visual  evidence  of  physical  damage  from  the  exposure.  There  were  no  pinholes,  blis¬ 
ters,  or  other  gross  imperfections  in  either  the  coatings  exposed  to  the  microorganisms 
or  those  exposed  to  sterile  systems.  However,  the  majority  of  coatings  exhibited  de¬ 
creased  resistance  in  the  microbial  exposure  compared  with  the  sterile  exposure, 


TABLE  14.  ELECTROLYTIC  RESISTANCE  OE  ALUMINUM  COATINGS  AFTER  1-YEAR 
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The  specimens  in  the  1 -year  exposure  were  used  primarily  for  visual  evaluation 
of  changes  due  to  microbial  action.  The  electrical  method  was  in  a  development  stage 
during  much  of  this  period,  and  thus  no  resistance  data  on  these  were  obtained  prior  to 
6  months  of  exposure.  Also,  only  one  specimen  of  each  coaling  remained  when  final 
readings  were  taken  -  the  others  having  been  removed  earlier  for  visual  inspection. 

Measured  resistance  is  influenced  not  only  by  the  resistance  of  the  coating,  but 
also  by  the  electrolyte,  the  metal,  the  oxide  layer,  and  by  polarization  of  the  aluminum 
rod  during  measurement.  In  addition,  differences  in  the  activity  of  microorganisms 
from  one  container  to  another,  and  variations  in  thickness  and  quality  of  coatings  make 
it  difficult  to  assign  definite  rates  of  deterioration  (as  evidenced  by  resistance  values) 
to  samples  exposed  to  microorganisms.  However,  regardless  of  these  variables,  it  is 
significant  that  in  most  cases  the  resistance  of  coatings  exposed  to  microorganisms  is 
lower  than  that  of  similar  samples  in  sterile  exposure. 

An  experiment  was  carried  out  to  determine  whethe*  the  lower  resistance  of  coat¬ 
ings  exposed  to  microorganisms  is  due  to  changes  in  the  coating,  or  whether  it  might  be 
due  to  the  greater  conductivity  of  the  system  through  the  accumulation  of  metabolic 
products  from  the  microorganisms.  This  involved  three  coatings  recently  removed 
from  a  1 -year  exposure.  The  coatings  were  (1)  a  two-part  polyurethane,  (2)  a  nylon- 
based  material,  and  (3)  a  one-part  polyurethane  applied  over  Buna  N.  The  specimens 
were  cleaned,  sterilised  with  ethylene  oxide,  &nd  then  placed  in  a  sterile  fuel/Bushnell- 
Haas  mixture.  The  resulting  resistance  values  are  shown  in  Table  1$.  It  can  be  seen 
that  samples  exposed  previously  to  microorganisms  maintained  a  lower  resistance  than 
those  in  sterile  exposure;  thus,  all  indications  point  to  the  fact  that  the  conductivity  of 
the  coatings  is  increased  by  microbial  exposure. 


TAKE  15  U.EC1  «60LYTtC  RESISTANCE  or  COATINGS  REMOVE)  ntOM  1-TEA*  EXPOSURE  AND  PLACED  IN  CLEAN 
STERILE  EXPOSURE  FOR  10  DAYS 


C  Dallas 

- Tips - 

Type  of  Expoeure 

ReeJsence. 

Altai  1  Yaar  of 

Siauc  Expaxn 
to  1P-VR-H  MUun 

mtfoitini 

Tea  Dayi  After  Exposure  of 
l-Yosi  Specimen! 

®  Sutlle  JP-4/R-H  Misuse 

1 

Polyuiet'  at 

Microtis! 

0.  0> 

0.  10 

Sunk 

M 

s.a 

H 

N'  too 

Mlcroklel 

0.01 

0.05 

sunk 

9.44 

0.  IS 

K 

Ashram  hast 

Mie.  Jtial 

1.4 

at 

OVff 

A 

owi  Rune  N 

Si  edit 

440 

ISO 

Effect  of  Water  and  Anti-Icer 


While  the  electrolytic-resistance  method  has  shown  promise  for  determining  the 
effect  of  rnicroo  ganiems  on  individual  coatings,  it  was  not  possible  to  use  this  method 
to  compare  the  performance  of  specimens  of  various  coatings  prepared  earlier  in  the 
program.  This  was  due  partly  to  the  fact  that  coatings  were  not  prepared  especially  for 
this  purpose,  and  thus  were  applied  in  different  thicknesses  or  were  otherwise  not 


64 


standardized.  An  attempt  was  made  to  standardize  thickness  for  at  least  two  coatings 
that  a  better  comparison  could  be  made.  In  this  study,  Buna  N  (Coating  A)  and  a  two- 
part  polyurethane  (Coating  B)  were  applied  by  the  fill-and-drain  method  to  both  anodized 
and  Iridited  aluminum  rods.  Each  coating  was  given  two  applications  to  a  thickness  of 
about  5  mils  on  each  rod.  After  drying  for  2  weeks  at  room  temperature,  the  coated 
rods  were  immersed  in  sterile  1:1  fuel/distilled  water  mixtures  and  in  1:1  fuel-distilled 
water  mixtures  containing  30  per  cent  ethylene  glycol  monomethyl  ether  in  the  water 
phase.  This  major  constituent  of  the  anti-icing  fuel  additive  is  often  found  at  concentra¬ 
tions  as  high  as  th's  in  the  water  bottoms  of  aircraft.  Microorganisms  were  not  used  in 
these  exposures. 

Figure  30  shows  the  resistance  of  the  two  coatings  during  15  days  of  exposure. 
Further  exposure  did  not  change  these  values  appreciably.  The  results  indicate  that 
Coating  B  (the  polyurethane)  has  higher  resistance  than  the  Buna  N  coating,  particularly 
in  the  presence  of  the  anti-icing  additive.  The  resistance  of  Coating  A  (Buna  N)  is  ap¬ 
proximately  the  same  whether  on  anodised  or  Iridited  aluminum,  while  Coating  B  ha» 
higher  resistance  on  anodised  aluminum.  This  may  indicate  that  Coating  B  has  greater 
adhesion  to  anodised  aluminum,  while  Coating  A  adheres  equally  well  to  both. 

There  may  be  several  reasons  for  the  increase  in  electrolytic  resistance  of 
samples  of  Coating  A  exposed  to  fuel  and  distilled  water.  Extraction  of  a  more  con¬ 
ductive  component  from  the  Buna  N  coating  by  the  water  would  cause  greater  resistance. 
Electrolytic  reactions  at  the  metal  surface  (polarisation)  due  to  greater  current  flow 
through  this  coating  compound  could  also  increase  the  over-all  resistance. 

Accelerated  Exposure 

A  method  has  been  devised  for  accelerating  the  effect  of  microorganism  exposures. 
This  consists  of  making  a  very  fine  scratch  through  the  coating  on  the  aluminum  rod, 
slightly  penetrating  the  metal  surface.  These  scratched  specimens  were  exposed  to  the 
standard  JP-4/Bushnell-Haae  mixture.  Microbial  growth  tends  to  concentrate  along  the 
scratch  area  of  the  specimens.  The  results  of  electrical-resistance  measurements  of 
these  coatings  are  shown  in  Table  lb.  These  not  only  indicate  a  lower  resistance  for 
coatings  exp*  ed  to  microorganisms  as  compared  to  sterile  controls  but  also  show  a  re¬ 
duction  of  re  istance  within  the  first  2  weeks  of  exposure.  Use  of  the  scratch  technique 
therefore  appears  to  offer  a  mear-  for  accelerating  the  effect  of  exposure. 
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FIGURE  30.  EFFECT  OF  WATER  AND  ANTI-ICER  ON  ELECTROLYTIC 
RESISTANCE  OF  COATINGS  A  AND  B 


» 


Protective  Biocidet  for  Aluminum 
and  Steel  Coatings 

Selection  Criteria 

A  wide  variety  of  biocidal  chemicals  was  obtained  for  incorporation  in  Coating  B, 
a  two-part  polyurethane,  to  protect  it  from  microbial  attachment  and  deterioration. 
Selection  of  thie  coating  was  made  by  RTD.  A  representative  steel  coating  was  also 
selected  by  RTD  for  incorporation  of  biocides.  This  is  Coating  N,  an  epoxy  resin-based 
material.  As  shown  previously,  both  coatings  are  subject  to  bacterial  and  fungal  at¬ 
tachment,  buildup  of  microbial  growth,  and  loss  in  electrolytic  resistance  when  exposed 
to  standard  systems  consisting  P-4  fuel/Bushnell-Haas  mineral  salts  medium  and 
selected  microorganisms.  B  .•  were  requested  from  suppliers  with  the  under¬ 
standing  that  any  compounds  nitted  preferably  should  meet  the  following  criteria: 

(1)  Low  or  no  water  or  fuel  solubility 

(2)  No  sulfur,  halogens,  heavy  metals,  or  surface-active  compounds 

(3)  No  amine,  quinoline,  carboxyl,  or  hydroxyl  groups  that  may  affect 
coating  cure 

(4)  No  potentially  volatile  toxic  decomposition  products 

(5)  No  strong  odors. 

Criteria  (2)  through  (5)  were  based  primarily  on  aircraft-engine  and  fuel  require¬ 
ments,  compatibility  with  Coating  B,  and  safety  considerations  based  on  possible 
toxicity  to  humans.  These  criteria  eliminated  from  consideration  virtually  all  of  the 
more  common  biocides  now  on  the  market.  The  solubility  criterion  was  established 
because  rapid  leaching  of  the  biocide  by  either  fuel  or  water  would  render  the  syetem 
ineffective.  Since  fuel-solubility  dats  were  usually  not  available,  this  property,  ss  well 
as  solubility  in  deionised  water,  was  determined  at  Battelle. 


Biocide  Perm  if  nee 

Ma  -y  of  the  biocides  obtained  for  incorporation  in  coatings  exhibited  a  mod*  rate  - 
to-high  degree  of  solubility  in  either  fuel  or  water,  and  sometimae  In  both.  Aa  men¬ 
tioned  above,  it  it  believed  that  the  moat  affective  biocide*  will  b*  those  that  are  rela¬ 
tively  ineolubla  in  either  fuel  or  v.ater.  In  order  to  determine  axtractability,  biocide* 
were  added  at  a  2  per  cent  level  to  three  commercial  polysulfide  stalanta  conforming  to 
M1L-S-8802C.  The  compositions  were  then  exposed  to  fuel  and  to  water  for  20  daya. 
Fxlractabtlity  was  based  on  weight  loss  from  each  sealant,  aa  compared  to  controls  con¬ 
taining  no  biocide.  Measurement*  were  made  on  sample*  weighing  about  12.  *  grama. 
Thus,  accuracy  to  0.  1  per  cent  of  the  biocide  weight  wa ■  obtained  by  making  weight-loes 
determination*  to  0.002  gram.  The  results  are  shown  in  Table  17.  The  weight  lose  in 
nearly  every  caee  accounts  for  the  greater  portion  of  the  biocide  added.  There  are 
variatione  among  the  three  type*  of  sealants,  indicating  specific  compatibility  effects. 
Some  of  the  variation  may  indicate  chemical  reaction*  between  the  biocide*  and  sealants. 
In  some  cases,  a  weight  loss  greater  than  2  per  cent  wa*  noted.  Thie  appears  to  be  due 
to  the  fact  that  the  biocide*  altered  the  cure  of  the  sealant,  permitting  some  additional 
loss  of  sealant  components. 
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TABLE  17.  EXTRACTION  OF  BIOCIDE  FROM  POLYSULFIDE  SEALANTS  BY  WATER  AND  JP-4  FUEL 


Biocide 

Per  Cent  Weight  Loa  From  Sealant  After  20  Days  of  Exnosur*. 

5-1 

i-3 

c 

»-2 

Code  No. 

Chemical  Type 

JP-4 

Water 

JP-4 

Water 

JP-4 

Water 

Control 

2.9 

0.8 

2.3 

0.9 

0.9 

0.9 

SC-1 

A  nitiotoluene 

— 

— 

4.3 

1,5 

-« 

— 

SC-3 

A  modified  dioxane 

5.3 

2.6 

4.1 

1.7 

2.6 

2.8 

WC-1 

A  morpholine  derivative 

5.4 

2.5 

4.1 

1.8 

2.7 

2.8 

WC-2 

A  piperazine  derivative 

5.3 

2.0 

4.1 

1.7 

3.0 

3.6 

WC-3 

Ditto 

5.7 

2.7 

4.9 

2.5 

2.7 

3.0 

WC-4 

— 

— 

4.2 

1.8 

2.1 

2.4 

GS-2 

2-Nltroteiarcinol 

— 

2.6 

— 

C.S-3 

8-Hydroxyquinoline  salicylate 

— 

2.5 

— 

GS-4 

Ethylene  dlacetate 

— 

2.4 

— 

GS-5 

Alkyl  quaternary  acetate 

— 

1.6 

— 

— 

GS-8 

8-Hydtoxyqulnoline 

2.2 

— 

GS-9 

Nitrobenzene 

2.4 

Note:  SeiUntt  ware  applied  ai  0. 125-loch  eoatLngi  on  1  x  4-inch  pane  la  of  0. 050-lnch  7075-T6  aluminum.  Sealanu  contained 


2  pet  cent  added  biocide. 


Coatings  are  used  at  a  thickness  of  about  0.  001  inch  compared  with  0.  12S  inch  for 
the  sealants.  Therefore,  measurement  of  biocide  extraction  from  coatings  by  weight 
loss  was  not  attempted.  It  probably  can  be  assumed  that  leaching  of  biocide  from  coat¬ 
ings  would  be  of  the  same  order  of  magnitude  as  from  sealants  and  more  rapid.  From 
the  experience  with  sealants  it  seems  reasonably  certain  that  the  more  soluble  biocides 
need  not  be  evaluated  as  coating  additives,  since  they  would  be  removed  largely  by  ex¬ 
posure  to  fuel  and  water.  The  decision  to  concentrate  primarily  on  biocides  with  limited 
solubility  in  water  and  fuel  appears  to  be  correct.  If  the  technique  of  biocide  incorpora¬ 
tion  in  coatings  is  used,  then  studies  of  biocide  permanence  should  be  conducted  on  suc¬ 
cessful  candidate  biocides.  Either  weight  loss  or  bioassay  techniques  could  be  used  as 
a  measure  of  biocide  loss. 


Corrosion  of  A1  T-inum  by  Biocides 

Evidence  of  corrosion  or  tarnish  on  aluminum  panels  protected  with  coatings  con¬ 
taining  biocides  was  noted  in  the  early  stages  of  the  program.  The  tarnish  appeared 
mainly  or.  bare  portions  of  ths  aluminum  rathe  r  than  bsneath  the  coating.  It  appeared 
that  the  biocides  ware  extracted  fr'm  the  coating  during  water  immersion,  and  that  sub- 
sequsntly  ths  water  solution  of  ths  biocidss  sttacksd  ths  sxpised  metal.  Portions  of  alu¬ 
minum  protected  by  the  coating,  and  henca  not  in  dirset  contact  w.th  ths  water,  wars 
tarnished  to  a  lesser  degree. 

In  a  study  to  determine  the  nature  of  this  corroe‘on,  panels  protected  on  one  aids 
with  Costing  B  or  Ssalant  S-l  ware  exposed  to  water  for  28  days.  Eight  biocides  ware 
evaluated  with  each  of  the  two  coatings,  at  s  concentration  of  2  per  cent  cf  the  dry  weight 
of  the  coating.  Results  are  shown  in  Table  18.  Two  of  the  biocides  caused  severs  cor¬ 
rosion  of  aluminum.  Three  others  caused  a  slight  weight  loss  and  would  be  considered 
corrosive.  Corrosion  manifested  itself  as  a  darkening  and  pitting  of  the  aluminum  and 
by  the  appearance  of  flakes  of  aluminum  oxide  in  ths  water.  As  with  earlier  observa¬ 
tions,  corrosion  was  more  severe  on  uncoated  areas,  although  some  discoloration  of 
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aluminum  occurred  beneath  the  coating.  If  biocides  are  to  be  used  in  coatings,  their 
corrosiveness  toward  the  metals  involved  should  be  determined. 


TABLE  18.  CORROSION  OF  ALUMINUM  BY  BIOCIDES  LEACHED  FROM  ELASTOMERS 


Code  No. 

Biocide 

Chemical  Type 

Polyurethane,  Coating  B^l, 
oo  Aluminum 

Polyiulflde,  Sealant  S-l^), 
on  Aluminum 

GS-l 

/l-Niuotiyiene 

0 

0 

GS-2 

2-Nitroteiotclnol 

0 

0 

GS-3 

6-Hydroxyquinoline  salicylate 

0 

0 

GS-4 

Ethylene  diaceiatc 

82.01 

0 

GS-5 

Alkyl  quaternary  acetate 

126,31 

4.10 

GS-7 

A  morpholine  derivative 

14.10 

(c> 

GS-8 

8-Hydroxyquinoline 

2.80 

0 

(a)  Cocraalon  rate  after  28  days  exposure  tn  distilled  water,  milUgrams/iquare  decimeter/day. 

(b)  Contained  2  per  ecu  biocide  based  on  dry  weight  of  competition. 

(c)  Sealant  not  compatible  with  biocide. 


Biocidal  Additives  in  a  Polyurethane  Costing 

Ninety-two  experimental  compounds  were  evaluated.  Of  these,  65  were  received 
from  16  commercial  sources  and  27  were  added  from  Battelle  stocks.  Many  were  not 
identified  by  the  supplier,  ss  requested,  and  aome  obviously  did  not  meet  the  above  cri¬ 
teria  because  of  the  presence  of  hesvy  metals,  sulfur,  stc.  The  compound*  screened 
are  identified  in  Table  19,  which  also  includes  data  on  their  solubility  in  fuel  and  water, 
compatibility  with  Coating  B,  and  results  obtained  in  exposure  tests. 

Twenty-seven  of  the  compounds  examined  were  not  appreciably  »uluble  in  fuel  or 
water  and  were  compatible  with  Coating  B.  Thus,  in  these  respect*,  they  were  suitable 
for  evaluation.  These  compounds  are  noted  in  Table  19.  In  addition,  21  compound*  with 
varying  degrees  of  fuel  and  water  solubility  were  evaluated  in  mixed-inoculum 
exp* rimen'  ’. 

Of  the  48  compounds  evaluated,  nine  hsv*  shown  ability  to  prevent  growth  on  the 
costing  surface  for  at  least  23  days.  These  were  selected  for  further  study.  In  early 
studies,  it  was  found  that  a  2-phr*  level  of  biocide  in  Coating  B  was  not  sufficient  to  pro¬ 
vide  extended  protection  for  this  coating.  Therefore,  20  phr  was  selected  as  the  biocide 
concentration  in  initial  studies.  A.  number  of  factors  enter  into  the  '  d  for  Kighe  .■  con¬ 
centrations  for  protection.  These  include  >h«  biocidal  effectiveness  of  the  compounds, 
blocking  of  biocidal  effect  by  the  polyurethane,  rat*  of  biocide  release  from  the  coating, 
and  fuel  and  water  solubility  of  the  compounds. 

On  the  basis  of  data  obtained  to  date,  however,  the  nine  compounds  showing  the 
greatest  promise  are  AC-1,  AC-J,  L-t,  L-J,  NC-5,  NC-6,  0-1,  UC-4,  ind  WC-4.  It 
should  be  noted,  however,  that  L -l  and  L-J  do  not  have  the  deeir»d  low  solubility  in  fuel 
and  water.  The  data  reflect  the  relative  effectivenase  of  the  compounds  in  protecting 
Coating  B,  although  direct  comparison  of  biocide  performance  in  experiments  initiated 
at  different  times  is  not  always  conclusive. 


•Hw  -  psfti  K«t  hv«Ji«4  of  lens  realms  teiiSi. 
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TABLE  19.  IDENTIFICATION  AND  EVALUATION  OF  BIOCIDES 
IN  A  POLYURETHANE  COATING  FOR  ALUMINUM 


Battelle 

Code 

No.  <») 

Chemical  Identification^) 

Solublli: 

Fuel 

y(^) 

Water 

Compatibility 

With  Two-Part 
Polyurethane 
Coating^) 

Comment/') 

AC-1 

A  thiocyanate 

IS 

IS 

C 

Promlting 

AC -2 

A  guanidine 

S 

IS 

C 

... 

AC-3 

An  organic  arsenical 

PS 

IS 

C 

Promising 

8L-1 

A  meta  Borate 

IS 

IS 

C 

Not  effective 

BMI-1 

Polycarbodiimide 

IS 

IS 

C 

Not  effective 

BMI-2 

Paranitto  benzonitnle 

IS 

IS 

c 

Nor  effective 

BMI-3 

2  -nitto  -2  -ethyl  -1 , 3  -propanediol 

IS 

s 

c 

Not  effective 

BM1-4 

X-eide,  XC-310 

IS 

s 

NC 

BMI-5 

2-nltro-l-butanol 

IS 

S 

NC 

-- 

BMI-6 

2-nltio-2-methyl-l-propanol 

s 

s 

C 

No*  effective 

BM1-7 

Sotbic  acid 

IS 

PS 

C 

Ditto 

BMI-8 

Sodium  o-phenylphenate  4H^O 

IS 

PS 

NC 

-- 

BMI-9 

Sodium  uichlocophenate 

IS 

s 

NC 

— 

BMI-10 

Chloro-o-phenylphenol 

s 

IS 

C 

Not  effective 

BMl-il 

Phenyl  mcrcuiy  acetate 

IS 

s 

NC 

— 

SMI-12 

Sodium  ult  of  metcaptobcnxothlazole 

IS 

PS 

NC 

BM1-13 

Dodtcyi  dimethyl  benzyl  ammonium 
cycloprntane  catboaylate  ult 

s 

s 

NC 

" 

BMI-14 

Sodium  ult  of  dimethyl  dlthiocathonic 
acid  and  of  2-mcrcaptc-btnzothiiiolc 

IS 

IS 

NC 

'* 

EMI-11 

2. 2 '-methylene  bit  (4-chloeophcool) 
aqueoui  lolutiot. 

IS 

IS 

NC 

*  “ 

BMI-1C 

Pentaehlotophcaol 

IS 

IS 

C 

Not  elfectlvc 

BMI-1" 

Sod!,  in  ptopionate 

IS 

IS 

C 

Ditto 

IMI-U 

2-mttcipto-beniothUsolc 

IS 

IS 

C 

M 

BMt-19 

Sodium  dlctbyldithiocarbonate 

IS 

s 

NC 

«MIO 

Sodium  dlmcthylduhiOcwboMit 

s 

s 

NC 

-- 

tWI-2? 

1,2' -methylene  bit  (4-chlotopbenol). 
technical  grade 

IS 

IS 

C 

Not  effective 

KMI-JB 

p  -nitiophenol 

u 

PS 

C 

Ditto 

IMi-24 

o-nluopbenol 

s 

PS 

c 

“ 

IMI-3S 

Salicylic  acid 

IS 

PS 

NC 

*- 

il«4< 

IS 

IS 

NC 

*• 

BMI-21 

.ore-1,  4 

w 

IS 

C 

No-  cllcctive 

SMt-Sd 

taramum 

IS 

s 

PC 

Ditto 

CCW-J 

.  n  " 

s 

IS 

c 

-- 

CtW-2 

L^trto 

$ 

IS 

C 

-- 

CCW  -.1 

s 

IS 

c 

Not  effective 

CCW-t 

- 

s 

IS 

C 

Ditto 

erw-s 

.  t  identified 

II 

IS 

c 

ccw-e 

A  .<-vtpi»iiw 

-- 

— 

— 

I.CW-' 

An  turgariwin 

s 

5 

c 

Not  effective 

CCV-f 

DtttO 

PS 

IS 

C 

Ditto 

CJC-1 

A  mo-phoiine 

s 

S 

-- 

•• 

ro-i 

Not  identified 

IS 

IS 

c 

Not  effective 

rv-r 

Not  identified 

IS 

IS 

c 

Ditto 

/t-nltfOMy  rent 

s 

IS 

c 

* 

OS-3 

treteeore  UMl 

s 

s 

c 

•* 

t*$ 

*  -hydro*  y^MUtoIine  ulicylate 

s 

s 

c 

vS*4 

l  thy  tide  or  dtacetate 

s 

i 

c 

-* 

<*S-i 

Alkyl  e«*i»tnary  acetate 

PA 

s 

c 
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TABLE  19.  (Continued) 


Battellc 

Code 

No.  (*) 

Cherni*  ai  Ideniificaiion(b) 

Solublliiy(c) 

Fuel  W»ter 

Compatibility 

With  Two-Part 
Polyurethane 
Coai*ng(d) 

Comments^*) 

OS-6 

An  organic  borate 

PS 

s 

NC 

__ 

CS-7 

A  morpholine 

s 

s 

c 

Not  effective 

Gs-e 

8 -hydroxyqui  noline 

s 

PS 

c 

Ditto 

GS-9 

Nitrobenzene 

s 

s 

NC 

-- 

GS-ld 

A  borane 

PS 

s 

NC 

— 

HC-1 

A  saccharinate 

IS 

IS 

NC 

-- 

HC-2 

Ditto 

IS 

IS 

NC 

-- 

HC-3 

- 

IS 

s 

c 

Not  effective 

L-l 

A  pyridine 

IS 

s 

c 

PromUmg 

1-2 

A  nitrile 

s 

IS 

c 

Not  effective 

L-3 

A  nitrile 

s 

IS 

c 

Panially  elective 

L-4 

A  furazan 

s 

IS 

c 

Not  effective 

L-S 

A  furazan 

s 

IS 

c 

Ditto 

L-6 

An  oxiodininrr. 

IS 

IS 

C 

“ 

1-7 

Ditto 

IS 

is 

C 

" 

l-b 

A  benzamivie 

IS 

IS 

C 

- 

L-» 

An  oxiodinlum 

IS 

IS 

C 

- 

MC-1 

Cynuric  acid 

IS 

IS 

NC 

— 

NC-1 

Not  Identified 

s 

IS 

C 

-- 

NC-2 

Ditto 

s 

s 

c 

-- 

NC-3 

“ 

s 

IS 

c: 

— 

no -4 

- 

s 

IS 

c 

-- 

NC-S 

IS 

IS 

c 

Partially  effective 

SC -6 

IS 

IS 

c 

Ditto 

not 

- 

s 

is 

c 

-• 

NPP-1 

- 

s 

IS 

~ 

•- 

NPD-2 

A  phthalutnde 

IS 

IS 

c: 

Not  effective 

0-1 

A  thionc 

IS 

IS 

t 

Protmtlnf 

O-I 

A  thtcnc 

IS 

IS 

c 

Not  effective 

0-3 

Ditto 

IS 

IS 

c: 

Ditto 

0-4 

- 

IS 

IS 

c 

0-J 

- 

IS 

s 

c 

“ 

SC-1 

,  nitrovinyl)  toluene 

S 

IS 

c 

•• 

SC-2 

.-imroMyrcne 

s 

IS 

c 

-• 

SC -3 

Ah  irttoar  diktat* 

s 

s 

c 

-- 

SOC-1 

An  organic  borate 

IS 

IS 

c 

Not  effective 

Not  identified 

s 

IS 

c 

-• 

0<-l 

Ditto 

IS 

IS 

c 

Not  effective 

IT.-* 

- 

IS 

IS 

PC 

-- 

1 

s 

IS 

rc 

-* 

I'i  -i 

- 

s 

IS 

PC 

Partially  effective 

Wi 

Ar  a:„k%jmmlr 

s 

s 

c 

~ 

V. 

Ditto 

IS 

IS 

c 

Not  effective 

1*1  - 

- 

PS 

s 

c 

wt:-4 

- 

IS 

IS 

c 

Partially  effective 

t  uomoio  appear  on  feilovinf;  pape. 
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Footnotes  for  'fable  19 


(a)  Source 

f  the  biocides: 

AC 

-  American  Cyanamid  Company 

MC  -  Monsanto  Chemical  Corporation 

BL 

-  Buckman  Laboratories 

NC  -  Nalcn  Chemical  Company 

SMI 

-  Battelle  Memorial  Institute 

NFD  -  Nuodex  Products  Company 

CCW 

-  Carlisle  Chemical  Works,  Incorporated 

0  -  Olin  Matnieson  Chemical  Company 

CSC 

-  Commercial  Solvents  Corporation 

SC  -  Scientific  Chemical  Incorporated 

FO 

-  Pine  Orgnnics,  Inc. 

SOC  -  Standard  Oil  Company  (Ohio) 

GS 

-  Gulf  Research  and  Development  Company 

UC  -  The  Upjohn  Company 

HC 

-  R.  M.  Hollingshead  Corporation 

WC  -  Wyandotte  Q—.nicals  Corporation 

L 

-  Eli  Lilly  and  Company 

(b)  Compounds  identified  generically  to  protect  proprietary  rights  of  the  various  coinanies.  Obviously,  some  compounds 

do  not  meet  all  of  cite  biocide  criteria,  but  in  some  cases  compounds  found  to  be  insoluble  in  fuel  and  water  were  evaluated. 

(c)  Determined  visually  at  room  temperature  over  a  period  of  14  days.  Approximately  50  mg  of  the  candidate  compound  was 
placed  in  a  test  tube  containing  10  ml  of  deionized  water  or  Searsport  JP-4  fuel.  S  ■  soluble,  PS  =  partly  soluble,  and 

IS  =  Insoluble. 

(d)  C  =  compatible,  NC  =  not  compatible,  and  PC  =  partially  compatible  (minor  advene  effects). 

(e)  Comment!  pertain  to  addition  ol  biocides  to  Coating  B.  The  coating  was  then  applied  to  aluminum  rods,  cured,  and  ex¬ 
posed  to  the  standard  mixed  microbial  inoculum.  "Not  effective"  means  protection  from  microbial  attachment  for  less 
than  58  days  at  2-50  phr  The. "  notation  means  not  evaluated. 
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In  addition  to  the  arbitrarily  prescribed  and  previously  mentioned  criteria  for 
biocidal  material,  there  are  several  other  important  factors  that  enter  into  the  selection 
of  a  protective  additive  for  coating  materials.  These  include  (1)  maximum  protection 
possible  based  on  both  degree  of  growth  and  duration  of  effectiveness,  (2)  effectiveness 
at  low  level,  (3)  ability  to  resist  growth  in  changing  media  (simulating  operational  con¬ 
ditions  where  fuel  might  be  added  frequently),  and  (4)  effect  of  the  additive  on  cure  and 
compatibility  with  the  coating.  Item  (4)  is  covered  in  Table  19  but  it  can  be  stated 
here  that  most  of  the  preferred  biocides  have  little  observable  effect  on  a  two-part  poly¬ 
urethane  coating. 

Data  obtained  on  the  nine  selected  compounds  are  presented  in  Table  20.  On  the 
basis  of  minimum  times  for  the  appearance  of  profuse  growth  in  fixed  media  and  the  de¬ 
gree  of  growth  in  changing  media,  Biocides  AC-1  and  WC-4  appear  best  at  a  high  con¬ 
centration  level.  Compound  WC-4  is  preferable,  based  on  minimum  effective  levels  re¬ 
quired  in  fixed  media.  Based  on  the  degree  of  growth  occurring  in  changing  media, 
Compound  AC-1  appears  to  be  effective  at  a  low  concentration  level. 

It  is  quite  obvious  from  the  table  that  additional  data  are  needed  to  confirm  conclu¬ 
sions  reached  on  these  nine  materials.  Biocides  designated  AC-1,  AC-3,  L-l,  L-3,  and 
0-1  were  received  rather  late  in  the  program.  Hus.  it  was  not  possible  to  complete  all 
of  the  desired  investigations  of  these  materials.  If  all  of  the  data  were  available,  it 
would  be  possible  to  make  firmer  and  more  discriminating  decisions.  It  is  possible  that 
the  biocide  coded  AC-3  may  also  be  an  effective  material.  In  this  same  connection 
Biocide  L-l  appears  to  be  quite  effective  with  respect  to  the  time  for  growth  to  appear 
as  well  as  on  the  minimum  level  required  to  prevent  growth  in  both  fixed  and  changing 
media.  It  should  be  pointed  out  that  L-l  is  soluble  in  water  and  virtually  insoluble  in 
fuel.  This  may  be  an  advantage.  From  the  data  available,  the  AC-1  and  WC-4  biocides 
at  5  and  10  pur,  respectively,  appear  to  offer  the  greatest  promise  at  the  present  time. 
The  preferred  AC-1  (an  organic  thiocyanate),  at  a  5-phr  level,  has  remained  effective 
through  the  40-day  period  of  observation,  even  when  the  exposure  medium  of  fuel,  water, 
and  microorganisms  was  replaced  every  10  days.  Laboratory  media  which  did  not  con¬ 
tain  high  concentrations  of  anti-icer  were  heavily  inoculated  initially.  Thus,  experimen¬ 
tal  conditions  represent  an  acceleration  of  those  encountered  operationally. 

Further  work  with  these  biocides  -  especially  on  long-term  studies  -  should  be 
conducted  bef  :e  firm  recommendations  and  detailed  instructions  for  their  use  can  be 
made.  It  is  also  quite  possible  that  improved  performance  can  be  obtained  by  the  use 
of  combinations  of  selected  biocides. 


Effect  on  Physical  Propert.es  of  Coating.  For  many  biocides,  additions  to  Coat¬ 
ing  B  must  be  made  in  concentrations  up  to  20  phr  in  order  to  control  microbial  growth. 
Thus,  some  question  naturally  arises  concerning  the  effect  of  such  large  additions  on 
the  properties  of  the  coating.  To  answer  this,  one  of  the  more  effective  biocides  found 
during  the  study  (WC-4)  was  incorporated  in  the  two-part  polyurethane  (Coating  B).  The 
biocide  was  added  by  ball-milling  it  into  the  B  component  of  this  coating  in  order  to  ob¬ 
tain  a  uniform  dispersion.  The  coating  was  spray  applied  to  aluminum  panels  to  a  dry- 
film  thickness  of  2  mils.  The  product  was  then  screened  for  its  performance  in  some  of 
the  more  rigid  tests  selected  from  MIL-C  -27725A, 

Results  of  the  evaluation  are  shown  in  Table  21.  In  general,  the  coating  with 
biocide  performed  as  well  as  the  unmodified  coating,  passing  all  but  two  tests  from 
MIL-C-27725A,  In  the  iron  chloride  resistance  test  (3.  3.  13)  the  modified  coating  had 
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TABLE  21.  PERFORMANCE  OF  POLYURETHANE  COATING 
CONTAINING  20  PHR  OF  BIOCIDE**) 


MIL-C-27725A  Test  Procedure 

No. 

Title 

Requirement 

Results 

3, 

3.  1 

Application  properties 

Smooth,  uniform  film 

Yes 

3. 

3.  2 

Color 

Translucent  coating 

Yes 

3. 

3.  3 

Weight  per  gallon 

Within  ±5%  of  qualification 
value 

10  lb 

3. 

3.4 

Nonvolatile  content 

Not  less  than  35% 

56% 

3. 

3.5 

Viscosity 

10-20  seconds 

16  seconds 

3. 

3.6 

Application  life 

8  hours 

2  hours**5) 

3. 

3.  7 

Drying  time 

4-hour  tack-free  time 

3-3. 5  hours 

3. 

3.  8 

Cure  time 

14  days 

Yes 

3, 

3.9 

Resistance  to  water 

No  failure  in  scored  coating 
after  30  days  at  140 'F 

OK 

3. 

3.  10 

Resistance  to  salt  water  and 
fuel 

Ditto 

OK 

3. 

3.  12 

Resistance  to  hydraulic  fluid 

No  failure  in  scored  coating 
after  14  days  at  180'F 

OK 

3. 

3.  15 

Low- temperature  flexibility 

No  cracking  when  bent  over 
jig  at  -65*F 

OK 

3. 

3.  19 

Repairability 

Good  adhesion  of  repair  coat 

OK 

3. 

3.  20 

Resistance  to  simulated 
microbial  by-products 

Good  adhesion  after  exposure 
for  5  days  to  salt  water- 
acetic  acid  solution  at  140*F 

3. 

3.  13 

Re'  stance  to  iron  chloride 

1-megohm  resistance  after 

10  days  at  140  °F  in  iron 
chloride 

8000  ohms*c) 

3. 

3.  14 

Fuel  contamination 

Nonvolatile  extractives  less 
than  20  milligrams 

OK 

3. 

3. 16.  1 

Compatibility  of  sealant 
with  costing  material 

Minimum  sealant-to-coating 
peel  strength  of  20  lb/in. 
after  140'F,  7-day  exposure 
to  salt  water/fuel 

15  lb /in. 

(*)  Biocide  WC  «4  (a  piperazine  derivative),  Wyandotte  Chemical  Company, 

(b)  Coating  war  still  (liable  after  2  hours,  but  was  grainy  and  obviously  changed  from  its  freshly  mixed  condition.  A  control 
coating  which  contained  no  biocide  behaved  in  a  similar  manner.  Thus,  it  did  not  appear  that  the  biocide  greatly  affected 
application  life  of  the  coating. 

(c)  A  resistance  value  of  8000  ohms  was  also  obtained  with  an  unexposed  coating  containing  biocide. 


75 


resistance  values  of  only  8000  ohms,  This  is  below  the  requirement,  but  does  not 
necessarily  indicate  poor  corrosion  protection.  Likewise  in  3.  3.  16.  1,  "Compatibility 
of  Sealing  Compound  to  Coating  Material",  the  peel  strength  of  a  polysulfide  sealant  ap¬ 
plied  over  the  coating  was  less  than  the  specified  minimum  of  20  pounds /in.  However, 
the  sealant  failed  in  cohesion,  so  that  up  to  15  pounds /in.  there  was  no  indication  of  the 
biocide  affecting  adhesion.  It  is  concluded  that  large  quantities  of  biocide  may  be  added 
to  Coating  B  without  adversely  affecting  its  performance  but  that  properties  of  specific 
coating -biocide  mixtures  should  be  checked  in  critical  qualification  tests.  As  long  as 
there  is  no  reaction  between  the  biocide  and  coating  components,  it  may  be  assumed  that 
the  biocide  is  acting  as  a  filler  in  the  coating.  Thus,  it  is  felt  that  the  results  of  this 
study  are  applicable  to  other  biocides  within  this  important  limitation. 


Biocidal  Additives  in  an  Epoxy  Coating 

Four  compounds  (AC-1,  NC-5,  NC-6,  and  WC-4)  were  evaluated  after  incorpora¬ 
tion  in  Coating  N  at  20  phr  and  application  on  steel  rods.  This  epoxy-based  coating  is 
used  primarily  in  steel  fuel-storage  tanks.  The  evaluation  consisted  of  the  standard 
single-exposure,  mixed-inoculum  system  described  previously.  After  8  months  of  ex¬ 
posure,  all  of  the  compounds  effectively  prevented  growth  in  the  medium  and  attachment 
of  growth  to  the  coating.  AC-1  appears  to  be  the  most  promising  of  the  compounds 
evaluated  in  the  representative  steel-tank  coating  studied.  These  results  are  encourag¬ 
ing  as  far  as  they  go.  Further  work  should  be  done,  particularly  with  exposures  in 
which  the  medium  is  periodically  replaced.  This  would  indicate  the  effectiveness  of 
residual  amounts  of  biocide  in  the  coating  and  also  give  an  indication  of  the  degree  of 
extraction  of  biocide  from  the  coating. 


Compatibility  of  Fuel -System  Elastomers 
and  Coatings  With  Fuel  Biocides 


The  Air  Force  has  carried  out  studies  involving  the  direct  addition  of  biocides  to 
fuel  to  control  the  growth  of  microorganisms.  The  amount  of  biocide  added  is  on1)'  about 
0. 1  per  cent,  dowever,  if  a  biocide  is  soluble  to  any  degree  in  water,  it  may  become 
concentrated  :.i  any  water  present  in  the  fuel  through  a  partitioning  effect.  Whatever  its 
concentration  in  the  fuel  or  water,  the  possibility  exists  that  a  biocide  might  have  a  dele¬ 
terious  effect  on  rubber  seals,  gaskets,  tubing,  or  other  elastomeric  parts  in  the  fuel 
system.  Therefore,  a  study  was  carried  out  to  determine  the  compatibility  of  elasto¬ 
meric  components  with  selected  bocides. 

The  Air  Force  Aero  Propulsion  Laboratory  supplied  three  biocides  identified  as 
B-308,  (3-nitroslyrene,  and  arsenosobensene.  These  were  added  to  JP-4  fuel  in  speci¬ 
fied  amounts  to  form  exposure  systems  representative  of  "protected  fuel"  for  military 
aircraft.  In  addition  Biocide  B-308,  which  is  somewhat  soluble  in  water,  was  made  up 
as  a  6  per  cent  water  solution  to  simulate  conditions  in  the  bottom  of  wing  tanks  and  sump 
areas.  The  arsenosobensene  was  received  rather  late  in  the  program  and,  because  of 
this,  was  not  evaluated  as  completely  as  the  other  two  biocides.  The  exposure  systemr 
used  in  this  study  were  as  follows: 

(1)  JP-4  fuel  containing  0,  1  per  cent  anti-icer. 

(2)  JP-4  fuel,  0.  1  per  cent  anti-icer,  and  0.02  per  cent  B-308. 
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(3)  Distilled  water. 

(4)  Distilled  water  containing  6  per  cent  B-308. 

(5)  Fuel-water  mixture  consisting  of  equal  parts  of  (2)  and  (4). 

(6)  JP-4  fuel,  0.  1  per  cent  anti-icer,  and  0. 1  per  cent  /3-nitrostyrene. 

(7)  JP-4  fuel,  0. 1  per  cent  anti-icer,  and  0.  02  per  cent  arsenosobenaene. 

Elastomers  evaluated  for  compatibility  with  the  biocides  included  nitrile,  neo¬ 
prene,  VitonA,  silicone,  and  polyurethane  types.  Since  these  elastomers  are  used 
primarily  as  seals,  they  are  seldom  exposed  to  water  which  has  separated  from  fuel. 
Therefore,  these  elastomers  were  exposed  only  to  fuel  solutions  of  the  biocides.  Ex¬ 
posure  was  for  3  days  at  75*F,  Tensile  strength,  elongation,  hardness,  and  volume 
change  were  determined  immediately  after  removal  of  specimens  from  the  fuel.  Results 
are  shown  in  Table  22. 

Other  fuel-system  components  evaluated  in  the  compatibility  study  included  two 
bladder  cell  materials,  a  repair  cement,  four  polysulfide  sealants,  and  10  coatings 
qualified  for  use  on  either  aluminum  or  steel.  The  bladder  cell  materials  and  repair 
cement  were  exposed  for  7  days  at  140*F.  The  coatings  and  sealants  were  exposed  for 
70  days  at  140*  F.  The  ply  strength  of  one  of  the  bladder  cell  materials  was  weakened 
considerably  in  water.  It  was  planned  to  repeat  this  exposure  using  new  material.  How¬ 
ever,  the  project  terminated  before  a  new  sample  of  this  bladder  material  was  received. 
Results  of  these  exposures  are  summarised  in  Tables  23,  24,  and  25. 


Biocide  B-308.  Biocide  B-308  in  fuel  had  no  identifiable  effect  on  any  of  the  elas¬ 
tomers  after  3  days  of  exposure  at  75* F.  Similarly,  fuel  solutions  of  this  biocide  had 
no  effect  on  the  polyurethane  or  nitrile  rubber  bladder  cell  materials,  or  on  the  repair 
cement,  after  7  days  at  140*  F.  In  a  more  severe  exposure  (70  days  at  140*  F)  the  Buna  N 
coating  was  softened  more  in  fuel  containing  B-308  than  in  a  biocide-free  fuel.  None  of 
the  other  coatings  was  affected  as  far  as  could  be  determined  by  means  of  pencil- 
hardness  measurements.  B-308  may  have  reduced  the  strength  of  three  of  the  four 
polysulfide  sealants.  This  is  reflected  by  a  reduction  in  the  average  peel  strength  of 
these  materials.  In  addition,  one  sealant  exposed  to  fuel  containing  B-308  lost  adhesion 
to  Iridited  alu  linum. 

Most  materials  exposed  to  water  had  a  significant  loss  in  strength.  Therefore,  it 
is  difficult  to  determine  whether  B-308  in  the  water  had  any  further  effect.  Of  the  two 
bladder  cell  materials,  the  polyurethane  was  affected  more  by  water  exposure.  The  ad¬ 
dition  of  B-308  to  the  water  appeared  not  to  have  caused  any  further  change.  The  same 
can  be  said  for  the  repair  cement.  There  is  an  indication  that  B-308  in  water  has  a  pos¬ 
sible  softening  effect  on  the  polyurethane  coating.  Similarly,  B-308  may  have  reduced 
adhesion  of  Sealant  3-1  to  aluminum.  Since  the  results  were  observed  in  both  the  coating 
and  sealant  applied  over  one  type  of  aluminum  treatment  but  not  the  other,  the  results 
may  not  be  conclusive. 


)3-Nitrostyrene.  The  second  biocide,  0-nitrostyrene,  was  evaluated  in  fuel  solution 
only,  since  its  solubility  in  water  is  quite  low.  This  biocide  appears  to  have  caused  a 
slight  softening  of  the  nitrile  rubber  samples  exposed  for  3  days  at  75* F.  The  loss  in 
tensile  strength  on  which  this  is  based  is  within  the  limits  of  experimental  error,  and 
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TABLE  22.  RESISTANCE  OF  ELASTOMERS  TO  FUEL  CONTAINING  BIOCIDES 
Exposure:  3  Days  at  75*F 


Property  Value  After  Expoture  In  Indicated  System(a) _ 

Fuel  +  Fuel  +  0. 1%  Fuel*  0.02*, 


Elaitomei 

Test 

Unexposed 

IP-4  Fuel<4> 

0.  02*,  B-308 

j9-nltro  styrene 

arsenosobenzeae 

Viton  A 

Tensile  strength, 

2580 

2110 

2210 

2050 

2200 

(MIL  -R-25897) 

pit 

Elongation,  *> 

420 

410 

410 

410 

350 

Hardness,  Shore  A 

84 

61 

62 

56 

S3 

Volumt  change,  *, 

0 

-0.16 

♦0.6 

0 

-- 

Silicone 

Tensile  strength, 

980 

500 

470 

450 

420 

(MIL-R-25988) 

pal 

Elongation,  *> 

200 

130 

130 

150 

12C 

Hardnea,  Shore  A 

48 

46 

45 

45 

41 

Volume  change,  % 

0 

-1.0 

•0.6 

-0.5 

*• 

Buna  N 

Tensile  strength 

1970 

1560 

151C 

1300 

600 

(M1L-P-53I5) 

psi 

Elongation,  *> 

290 

220 

210 

210 

60 

Hardness,  Shore  A 

57 

52 

50 

47 

61 

Volume  change,  *> 

0 

-1.1 

-1.0 

-1.2 

«• 

Polyurethane 

Tensile  strength, 

3250 

2850 

3150 

2880 

2100 

P*i 

Elongation,  *> 

500 

450 

450 

480 

450 

Hardness,  Shore  A 

60 

57 

58 

55 

54 

Volume  change,  * 

0 

-3.0 

-1.9 

-2.2 

-• 

Neoptene 

Tensile  strength, 

3450 

1610 

1500 

1600 

1600 

(RAS  nock) 

psi 

Elongation,  * 

260 

150 

130 

160 

180 

Hardnea,  Shore  A 

72 

55 

56 

55 

55 

Volume  change,  £ 

♦49.8 

♦50.7 

♦52 

Marman  Clamp 

Tensile  strength. 

1740 

400 

450 

400 

(Pacific 

Moulded  Producti  i.) 

psi 

Elongation,  * 

270 

100 

100 

100 

Hardness,  Shore  A 

62 

40 

40 

42 

Volume  Change.  % 

““ 

♦  79 

♦63 

♦94 

Marman  Clamp 

Tensile  strength, 

— 

700 

500 

500 

(Klrkhlll  Rubber  Co. ) 

P*' 

Elongation,  1b 

•  • 

120 

80 

90 

Hardness,  Shore  A 

-- 

57 

53 

53 

Volume  change.  * 

♦62 

♦62 

♦65 

Marman  Clamp 

Tsflslle  arength, 

2130 

400 

400 

530 

(Plaitlc  and 

Rubber  Product*  Co.) 

P*1 

Elongation,  1b 

500 

100 

100 

100 

.. 

Hardnea,  Shore  A 

68 

45 

41 

43 

Volume  change,  1b 

•* 

♦  87 

♦100 

♦  91 

-  * 

(a)  Property  value ■  ate  the  average  of  three  specimens. 

(h)  All  fuel,  Including  that  with  biocides,  contained  0. 1*  anti-icer. 


78 


r 


variations  of  this  magnitude  are  not  uncommon  in  rubber  testing.  Therefore,  this  ob¬ 
servation  may  not  indicate  significant  incompatibility  between  nitrile  rubber  and  /3- 
nitrosLyi-ene.  This  could  he  determined  using  a  greater  number  of  specimens  in  a  more 
severe  exposure.  The  j3-nitrostyrene  caused  no  significant  change  in  the  measured 
properties  of  the  bladder  cell  materials,  repair  cement,  coatings,  or  sealants. 

Arsenosobenzene.  Arsenosobenzene  was  evaluated  only  in  fuel  solutions.  Because 
it  was  received  late  in  the  program,  coating  exposure  was  limited  to  41  days  rather  than 
the  full  70-day  period.  This  biocide  had  no  apparent  effect  on  any  of  the  coatings.  How¬ 
ever,  arsenosobenzene  caused  a  significant  loss  in  strength  and  elongation  of  the  nitrile 
rubber  after  a  relatively  mild  exposure  (3  days  at  75*F).  There  is  no  obvious  reason 
why  it  should  have  affected  the  nitrile  rubber  and  not  the  Buna  N  coating  under  much 
more  severe  exposure  conditions.  However,  it  is  possible  that  pencil -hardness  mea¬ 
surements  were  not  capable  of  detecting  strength  changes  in  the  coating  film. 

In  summary,  water  was  responsible  for  the  most  significant  change  in  properties 
of  any  of  the  materials  evaluated.  Most  elastomers  are  apparently  not  affected  by  the 
three  biocides,  but  arsenosobenzene  should  be  checked  for  its  compatibility  with  specific 
nitrile  rubber  formulations  before  use  in  a  fuel  system.  0-nitrostyrene  caused  no  sig¬ 
nificant  effect  except  for  possible  softening  of  the  Buna  N  coating.  B-308  in  water  was 
involved  in  suspected  incompatibility  with  a  wide  variety  o!  materials.  However,  be¬ 
cause  of  the  overriding  effect  of  the  water,  no  clear  conclusion  can  be  reached. 


Corrosion  of  Aluminum 


Factors  Affecting  Corrosion 

Attempts  have  been  made  to  answer  certain  questions  concerning  corrosion.  The 
project  engineer  asked  that  these  be  explored  on  a  limited  scale  to  shed  additional  light 
on  the  interrelationship  between  the  action  of  microorganisms  and  certain  water  bottoms, 
on  aluminum.  These  studies  were  carried  out  in  two  principal  areas:  the  first  con¬ 
cerned  the  eff*  ‘t  of  impurities  in  the  water  on  the  corrosion  of  aluminum  and  the  second 
the  corrosiver  as  of  consolidated  sump  samples  taken  from  SAC  planes. 

The  purpose  of  the  first  study  was  to  determine  whether  the  ion  strength  of  the 
water  used  in  the  laboratory  corrosion  studies  had  any  effect  on  the  rate  of  corrosion  of 
aluminum.  There  had  been  some  indication  from  other  work  that  aluminum  specimens 
corroded  more  rapidly  in  the  presence  of  deionised  water  than  in  distilled  water.  To 
investigate  this,  anodised  and  Iridtted  aluminum  rods  were  exposed  in  both  sterile  and 
inoculated  1:1  fuel/*vater  mixtures.  The  water  portion  consisted  of  (1)  standard 
Buahnell-Haes  mineral  salts,  (2)  Kereluk's  No.  3  medium  (nonbuffered  mineral  salts), 

(3)  deionised  water  from  Battelle,  and  (4)  deionised  water  from  The  Ohio  State  Univer¬ 
sity.  The  protein  content  of  the  latter  was  very  low. 

The  expoeure  systems  were  mati.tained  at  86*  F  in  ai.  incubator  under  constant 
rotation.  Various  patches  of  dark  stain  appeared  on  severe  wf  the  aluminum  specimens. 
However,  corrosion,  as  evidenced  by  pits  in  the  aluminum,  v  is  not  observed  in  any  in¬ 
stance.  After  9  months'  exposure,  no  evidence  of  pitting  was  found.  It  was  concluded 
that  the  water  samples  used  in  the  etudy  were  not  corrosive  to  aluminum  and  that  it  was 
not  possible  to  tell,  on  the  basis  of  the  experiment,  whether  the  type  of  water  has  any 
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measurable  effect  on  the  rate  of  corrosion.  Since  all  of  the  water  portions  were  lou  m 
heavy  meial-ion  content  and  contained  no  chlorides,  it  can  be  said  that  little  corrosion 
would  be  expected.  The  results  also  indicate  that  the  mixed  microbial  inoculum  consist¬ 
ing  of  Hormodendron  cladosporoides,  Cladosporium  resinae,  and  three  pseudomonads 
tvas  not  corrosive  to  anodized  or  Iridited  aluminum  under  the  conditions  cf  this 
experiment. 

Sump  Samples  From  Various  SAC  Bases  , 

Perhaps  of  greater  importance  was  the  study  of  the  corrosiveness  of  water  drained 
from  sumps  of  SAC  planes  (B-52s  and  KC-135s).  These  specimens  represented  water 
bottoms  collected  at  various  Air  Force  bases  by  RTD  personnel.  The  sump  samples 
were  checked  at  Battelle  for  microbial  contamination  and  also  for  corrosiveness  to 
7075-T6  aluminum.  Despite  repeated  attempts,  no  evidence  of  microorganisms  was 
found  by  a  standard  plate-count  technique  in  any  of  the  sumps,  as  received.  This  was 
undoubtedly  due  to  the  high  anti-icer  content  (up  to  37  per  cent)  in  the  sumps. 

For  the  corrosion  study,  the  specimens  were  placed  on  glass  supports  in  flat 
Pyrex  dishes  and  covered  with  a  loose-fitting  glass  plate.  Results  of  10S  days  of  expo¬ 
sure  of  5  samples  at  80*F  are  given  in  Table  26.  It  can  be  seen  that  all  sump  samples 

TAdLI  IS.  COMOStON  DATA  SOS  707S-TS  ALUMINUM  SHCtMtNS  IXPOStD  FOS  10S  DAYS  TO  SUMP  WATU  AY  »0*F 


Sump-Water 

Simple 

Specimen 

General  Cotton  on 
late,  mlk/yeaif*! 

Mat  Pit 
Depth, 
mlla 

Calculated  Max 

Pit  Depth, 
mib/ year 

Appearance 

WRAPS. 

Uoucited  thcet 

0.  el 

1.0 

17. » 

Ccnertl  cem-uno.  4  piu 

U  IS/43 

Untreated  thcet 

0.70 

d.O 

17. S 

DIIU 

WRAPS. 

Untreated  iheet 

0.11 

-- 

-- 

General  conation,  no  pita 

IMS 

Untreated  iheet 

0.  IS 

U 

1.7 

General  conation.  1  pit 

com  point 

Untreated  tod 

0.  Id 

s.o 

27.1 

Gamut  cor  reel  oo.  I  piu 

Anodised  tod 

0.  OS 

-- 

— 

Dark  golden  Main,  no  pita 

lildlud  tod 

0.03 

10.  c 

>4.7 

Lot  lined  attack,  S  pita. 

1  Miner,  max  height 

10  mile 

WRAPS, 

Untreated  duet 

0.M 

— 

-- 

Genete  1  conation,  no  pit* 

1S/S/S3 

Untreated  duet 

o.td 

4.0 

13.  • 

Geecttl  cQuoiloo.  1  pit 

(Couu1m4 

Untreated  tod 

0.30 

ld.o 

SS.S 

General  cotton  on.  S  piu 

hhM  dye) 

Anoditod  rod 

eO.OS 

-- 

•• 

Dark  golden  itain.  no  ptti 

indited  tod 

0.  IS 

IS.  i 

S7.J 

Local: led  attack.  4  piu 

Ramey  APS. 

Untreated  iheet 

0.10 

— 

— 

General  conation,  no  piu 

1/M 

Un**»eui  meet 

0.00 

-* 

— 

Ditto 

U  attested  rod 

e0.07 

s.o 

17.4 

Genera!  conation,  z  piu 

Anodised  rod 

♦0,  OS 

— 

- 

Palm  golden  tuln.  no  pin 

Iridited  tod 

eO.OS 

n.rfU 

id.  flt*> 

Loc lilted  mack,  3  p«U 

IgUn  APS. 

Untreated  iheet 

o.os 

o.s 

22.  ( 

Gee  era)  emotion,  pit 

s/ts 

Untreated  iheet 

0.00 

1.0 

3.  S 

Ditto 

Untreated  rad 

0.00 

s.o 

0.» 

General  cor  roil  on.  I  piu 

Anodised  rod 

0.00 

— 

— 

Deri  golden  ruin,  no  pit* 

Indued  rad 

0.03 

1.0 

27.1 

Localised  stuck,  4  piu 

(»)  muni  tut  bated  an  weight  file.  AlyOylMjO;  ill  o*t»«n  baaed  on  weight  lea. 
(hi  Matured  from  metailographic  taction. 


are  capable  of  causing  corrosion.  However,  corrosive  action  was  most  general  ir  the 
case  of  nontreated  (uncoated)  aluminum,  although  the  Iridued  aluminum  specimens  also 
developed  pits.  No  corrosion  was  evident  on  the  anodir.^d  specimens.  The  weight  gain 
reported  for  the  anodized  spec  imens  represents  the  formation  of  AI2O3  ■  3H2O. 

Although  the  initial  concentration  of  anti-icing  additive  was  reported  to  be  rela¬ 
tively  high,  this  additive  was  lost  by  evaporation  during  the  exposure  period.  As  the 
concentration  of  anti-icer  dropped,  microorganisms  were  observed  to  be  growing  in  the 
water.  Twenty-two  isolates  -  19  bacteria  and  3  fungi  -  were  taken  from  these  particu¬ 
lar  sumps.  Some  of  the  bacteria  were  pseudomonads,  but  no  fungi  of  the  Cladosporium- 
Hormodendron  groupings  were  found.  None  is  believed  to  be  involved  in  the  corrosion 
of  the  aluminum  specimens. 

An  additional  set  of  water  bottoms  was  supplied  to  Battelle  at  a  later  date.  These 
were  also  used  as  exposure  solutions  for  7075 -T6  aluminum  rods.  Exposures  were 
carried  out  at  80* F,  as  above.  The  water  solutions  were  overlaid  with  JP-4  fuel  in 
order  to  reduce  evaporation  of  the  anti-icing  additive.  Corrosion  rates  for  this  second 
set  of  sump  samples  are  given  in  Table  27.  These  results  parallel  the  first  ones,  with 
corrosion  >n  some  cases  being  even  greater  than  for  the  first  set.  A  rather  heavy  ac¬ 
cumulation  of  material  appeared  on  the  surface  of  several  of  the  aluminum  rods  exposed 
in  this  experiment.  This  is  illustrated  in  Figure  31.  Since  the  anti-icing  additive  con¬ 
centration  was  in  the  range  of  35  per  cent,  it  was  doubtful  that  the  surface  accumulation 
represented  microbial  growth.  Efforts  to  isolate  microorganisms  were  negative,  as 
were  attempts  to  characterise  microscopically,  the  material  removed  from  the  rede. 

A  test  for  protein  was  also  negative.  Thus,  it  was  concluded  that  the  surface  deposit 
was  composed  of  hydrated  aluminum  oxides  rather  than  microbial  growth.  Similar  cor¬ 
rosion  deposits  have  been  observed  on  aluminum  exposed  to  fresh  water.  Photographs 
of  corroded  rods  and  microphotographa  showing  the  extent  of  pit  corrosion  are  pre¬ 
sented  in  Figures  31  through  37. 

Correlation  Between  Sump  Contaminants  and  Corrosivity.  The  various  sump 
samples  and  composites  were  analysed  by  another  USAF  contractor,  and  the  analyaes 
are  presented  n  Table  74.  Data  on  all  components  and  possible  contaminants  **"  not 
available  for  t  try  sump  specimen.  For  example,  the  anti-icer  content  of  samples 
from  Barksdale,  Bergstrom,  and  K.  1.  Sawyer  Air  Force  Bases  were  not  available  for 
incluaion  in  this  report.  In  other  cates  where  data  were  limited,  the  information  hae 
been  omitted.  Thia  includes  analyses  for  boron,  bismuth,  cobalt,  phosphorus,  air- 
conium,  and  platinum.  Platinum  determinations  apparently  were  made  in  only  a  limited 
number  of  inetancea,  probably  to  determine  whether  the  specimen  had  been  contaminated 
by  ashing  in  a  platinum  ciucible.  Also,  two  Wrlght-Patteraon  samples  s>  owed  the  ab- 
eence  or  only  trace  nuantities  of  certain  elements.  Neturally,  conclusions  could  not  be 
drawn  from  these  reeulte. 

The  first  three  sumps  recorded  in  Table  27  represent  samples  received  initially, 
and  to  which  aluminum  specimens  were  exposed  for  105  days.  The  following  seven 
specimens  ere  from  other  Air  Fo r<-»  bases  and  were  rece  ded  at  a  later  date.  Aluminum 
corrosion  samples  were  exposed  to  this  Utter  group  of  sumps  for  42  day*.  The  tump 
samples  were  ranked  according  to  corrosivity  on  the  bade  of  general  corrosion  rate  in 
mils  per  year  (for  lridited  aluminum)  vnd  of  ama<al  pitting  rate  in  mils  per  year. 

Table  29  lists  these  results.  In  each  csee  the  sample  at  the  top  of  the  column  ie  the 
most  corrosive  of  the  group*. 


TABLE  21.  CORROSION  DATA  FOR  707S-T6  ALUMINUM  SPECIMENS  EXPOSED  FOR  42  DAYS  TO  SUMP  WATER  AT  80*  F 


Sump-Water 

Sample 

Specimen 

General  Corrosion 
Rate,  mila/yeai^*) 

Max  Pit 
Depth, 
mils 

Calculated  Max 
Pit  Depth, 
mils/year 

Appearance 

Barksdale 

AFB, 

Untreated  sheet 

0. 16 

6.0 

52.0 

Two  areas  of  general  corro¬ 
sion,  2  pits 

3/64 

Untreated  rod 

0.16 

8.0 

89.4 

A  few  areas  of  general  corro¬ 
sion.  several  pits 

Anodited  rod 

40.04 

“  * 

" 

No  change  in  appearance,  no 
pits 

indited  rod 

0. 17 

4.0 

34.7 

Localized  attack,  s>  pits 

Bergstrom 

Untreated  sheet 

0.42 

2.0 

17.3 

General  corrosion.  3  pits 

AFB, 

Untreated  rod 

1.08 

8.0 

69.4 

General  corrosion,  10  pits 

4/1/6* 

Anodiacd  rod 

♦0.  08 

— 

-- 

Light  golden  stain,  no  pits 

Iridued  roa 

0,73 

2rfb) 

2i6.^ 

Heavy  localized  attack, 

20  blitters,  max  height 

14  mils 

K .  I.  Sawyer 
AFB, 

Untreated  sheet 

0.10 

-- 

Ooc  area  of  general  corro¬ 
sion  no  pile 

3/64 

Untreated  rod 

0.  IB 

4 

34.7 

2  areas  of  general  eottauon, 

1  pit 

Anodued  rod 

*0.03 

“  “ 

*  * 

No  change  in  appearance, 
no  pits 

Itidneu  rod 

0  11 

" 

Only  blunt  end  attacked*  no 
pits 

Lor  mg 

Untreated  sheet 

0.07 

1.0 

B.T 

General  corrosion.  1  p.t 

AFB. 

UMreated  tod 

use 

7.0 

40.1 

General  corrosion,  many  pits 

J.  64 

Aaodtud  tod 

40.03 

*• 

No  change  ta  appearance, 
no  pits 

indited  tod 

o.w 

«.o 

SB. 4 

Localized  (track,  many  pm 

L  okimbcu 

Untreated  sheet 

O.C# 

3.0 

34.0 

Gcaesal  cat  rent  on.  2  un 

AFB. 

Untrnated  tod 

0.  10 

4.0 

34.7 

General  3  pm 

3  2*  *4 

Anodued  rod 

*0.04 

*• 

— 

Light  golden  ••  •  ..  no  pits 

MttiltJ  tod 

6.6B 

s.c* 

43.4 

Localized  attics  3  pits 

hgp  ,\n 

Un-'ttated  sheet 

0.  BB 

3.4 

30.  3 

Meaty  general  t  amotion. 

3  p:  i 

Heavy  general  cor. oil  on, 

4  piu 

Unseat. 2  rod 

1.33 

t.C 

KB.  4 

A  nod*  ted  tod 

•0.  10 

*• 

— 

Light  golden  sum.  no  pits 

Indued  rad 

0.01 

u.o 

111.4 

L  allied  cr.ct,  si  pits 

Honsetttad 

AFB. 

Untseated  dwci 

0.4# 

•« 

-* 

Light  gentiai  cortozien. 
k  pits 

i.  J  44 

Untreated  rod 

•1.73 

11. 0 

164.6 

tight  genera? 

4  pits 

Anodtaed  red 

•4.63 

'* 

N?  charge  to  appearance, 
no  ptu 

Indited  rod 

0.  SB 

11,  c 

13B.7 

Localized  attach.  13  piss 

(•)  V  mom  tale  841*4  ce:  Wight  put,  AIjOj-JHtO.  *11  others  8atad  on  wt.ght  lew. 
(8)  UuwH  front  nsetaHogtapdiic  wow*. 
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TABLE  28.  RESULTS  OF  ANALYSES  OF  AIRCRAFT  FUEL- TANK 


Sample 

Source 

Date 

Methyl 
Cellosolye 
Content 
vol/vol % 

Glycerol 
Content, 
wt/vol  °lo 

Chloride, 

ppm 

pi! 

Ag 

A1 

Ca 

Cd 

Cr 

Cu 

WPAFB 

1963 

__ 

__ 

0.04 

15.8 

3.4 

2.4 

0.40 

0.32 

Composite 

27.3 

0.67 

119 

5.36 

<0.01 

0.1 

40.0 

50.0 

0.00 

0.8 

Ramey  AFB 

1/64 

-- 

-- 

-- 

-- 

0.06 

7.3 

5.8 

5.8 

0.29 

0.29 

27.0 

0.095 

124 

6.95 

ND 

ND 

20.0 

0.7 

0.2 

0.6 

Eglin  AFB 

9/63 

-- 

-- 

-- 

0.01 

16.1 

1U.1 

1.0 

0.14 

0.20 

22.0 

0.17 

10 

5.50 

ND 

0.3 

20,0 

20.0 

0.05 

0,6 

Barksdale  AFB 

3/64] 

-- 

-- 

-- 

-- 

0.001 

11.9 

2.4 

0.95 

0.48 

0.60 

-- 

0.452 

30 

5.70 

•• 

0.7 

60.0 

10.0 

0.3 

3.0 

Bergstrom  AFB 

S/1/64 

-- 

-- 

-- 

-- 

0.01 

25.4 

3.4 

2.5 

0.51 

1.7 

3.07 

909 

5.01 

8.0 

“• 

>1000 

0.08 

5.0 

K.  I.  Sawyei  AFB 

3/64 

-- 

-- 

.. 

0.004 

1.4 

ft.  7 

0.99 

0.10 

5.7 

1.140 

161 

5.62 

-• 

0.3 

20.0 

2.0 

0.10 

12.0 

Loring  AFB 

3/64 

-- 

- 

-- 

-- 

0.006 

4.6 

18.4 

0.92 

0.07 

0.55 

37.0 

0.27 

286 

4,50 

0.03 

S.O 

2.0 

•- 

1.0 

Columbus  AFB 

3/26/64 

.. 

-- 

.. 

-- 

0.006 

24 

3.6 

3.6 

0.12 

0.30 

29.0 

0,39 

<5 

5.00 

0.03 

20.0 

30.0 

<0.1 

0.1 

Biggs  AFB 

w. 

-- 

-- 

-- 

-- 

0,009 

8.5 

5.1 

0.85 

0.51 

0.26 

37.0 

0.43 

92 

4.70 

•* 

5.0 

50.0 

100.0 

0.1 

1.0 

Homestead  AFB 

/64 

-- 

-- 

-- 

-- 

4.3 

11. ft 

0. 12 

0.58 

19.0 

0,06 

56 

5,50 

0.03 

20.0 

5.0 

<0,1 

O.g 

(a)  Where  two  lines  of  data  ace  shown,  the  top  line  refers  to  emiuton  spectra  semiquintitiuvc  analysis  of  ash  of  filter  residue 
recorded  as  per  cent.  The  second  line  is  a  chemical  analysis  of  the  filtrate  and  is  recorded  as  ppm.  The  iirst  four  columns 
following  the  date  represent  analysis  of  the  total  unfiitered  sump. 

(b)  The  ranking  of  corrosivity  of  various  rumps  is  based  on  the  general  corrosion  rate  (imls/yt)  of  Indited  aluminum  spenmer 
exposed  to  the  sump  samples.  Only  the  second  group  where  more  analytical  information  is  available  has  been  rated. 
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SUMP  SAMPLES  FROM  VARIOUS  AIR  FORCE  BASEST) 


Ft 

mb 

Mn 

Mo 

Na 

Ni 

Pb 

Si 

Sn 

Ti 

Zn 

grams 

Corrosion 

Rank(b) 

19.8 

3.2 

0,16 

0.16 

11.9 

0.08 

2.0 

7.9 

0.12 

0.12 

0.40 

. . 

0.4 

7.0 

1.0 

•» 

30.0 

0.1 

0.02 

0.6 

~ 

— 

3.0 

-- 

— 

5.B 

2.2 

0.36 

0.58 

21.8 

O.lo 

0.58 

7.3 

0.07 

0.36 

0.58 

... 

-- 

0.08 

50,0 

0.3 

-- 

.100.0 

ND 

ND 

0.6 

-• 

-* 

ND 

-- 

... 

2.0 

0.60 

0.10 

16.1 

0.10 

0.80 

8.0 

<0.20 

0.  '0 

1.6 

-- 

U.l 

7.0 

1.0 

30.0 

0.2 

0.10 

0.6 

-- 

** 

4.0 

•• 

23.8 

0.6') 

0.08 

0.01 

4.8 

0.O6 

3.6 

1.2 

0.04 

0.91 

1.2 

0.00092 

6 

0.2 

10.0 

2.0 

0.01 

80.0 

0.4 

0.0 

0.8 

-* 

1.0 

-* 

*• 

25.4 

1,7 

0,-i ' 

0.09 

6.6 

0.42 

4.2 

6.8 

0.07 

0.67 

0.85 

0.00134 

2 

8.0 

10.0 

7.0 

'.01 

120.0 

1.0 

3.0 

6.8 

— 

35.0 

■■ 

11.4 

0.71 

0.43 

0.006 

0.99 

1.4 

0.65 

8.5 

0.14 

1.4 

4.3 

0.00076 

5 

0.1 

10. 0 

3.0 

*’ 

80,0 

0.2 

0.10 

1.0 

'* 

4.0 

*• 

1.8 

0.74 

0.03 

0.31 

27.6 

0.09 

0,92 

4.6 

-- 

0.37 

o.ono 

4 

0.01 

0,60 

0.06 

100.0 

0.2 

0.70 

0.6 

*• 

*' 

-* 

47.8 

3.0 

0.18 

0,03 

17.9 

<0,06 

2.4 

6.0 

■0.06 

0.05 

0.0011 

7 

0.09 

l',U 

2.0 

10.0 

0.1 

0.1 

0.6 

'* 

'* 

'* 

•• 

6,5 

1.7 

0.07 

0.02 

3.4 

0,06 

1.7 

25.6 

0.03 

1.7 

2.6 

0.0133 

\ 

4.0 

4.0 

‘.0 

** 

70.0 

0.4 

1.0 

0.6 

-- 

■’ 

6.0 

•* 

4.3 

1.2 

0.14 

0.01 

6.6 

<0.07 

0.72 

11. 5 

.. 

5.1 

2.2 

0.0007 

* 

U.U1 

3.0 

1.0 

•• 

.  .0 

0.1 

0.1 

0.6 

6.0 

•- 

67 


t 


Anodized  tod 


Untreated  rod 


.  ..  W  *  t 


Irldlted  rod 


i.  ~.r pose d  Rods  Prior  t"i  Removing  Corrosion  Produ-ts 


Anodlx*d  tod 


Untreated  rod 


V  CipuMd  tods  Alter  Removing  Corrosion  Products 


FIGURE  31.  PHOTOGRAPH  Of  707S-T4  ALUMINUM  *00  SPECIMENS  EXPOSED  41  DATS  IN 
SUMP  WATER  FROM  IAWNC-  AFR,  MAINE 

Note  fits  on  untreated  and  Irldlted  rods. 
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HGUT.E  o2.  PHOTOGRAPH  OF  FITTED  AREA  ON  1H1DITED  701&-T6  ALUMINUM  ROD  SPECIMEN 
EXPOSED  10S  DAYS  IN  SUMP  WATER  FROM  RaMEY  AFB 


PICURt  W.  CROSS  StenON  THROUGH  A  PIT  FROM  IRJEMTED  10TS-T4  ALUMINUM  POU  SPECIMEN 
EXPOSED  10S  DATS  IN  SUMP  WATER  FROM  PAKIET  AFR 


*9 


Untreated  sheet 


ai 


> 


Anodized  tod 


Untreated  tod 


a.  Exposed  Rods  Prior  to  Removing  Cot  roil  on  Products 


k.  Exposed  Rods  After  Removing  Corrosion  Products 


nCUM  »4.  PHOTOGRAPH  OP  TOTS-Td  ALUMINUM  SPECIMENS  EXPOSED  «S  DATS  IN 
SUMP  WATT*  PROM  RCRGSTROW  AT*.  TEXAS 

Nose  Mitten  on  bldited  rod. 
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ax  a«3i 

FIGURE  35.  PHOTOGRAPH  Of  BUSTERS  FOUND  ON  INDITED  7075-T6  ALUMINUM  ROD  SPECIMEN 
EXPOSED  42  DAYS  IN  SUMP  WATER  FROM  BERGSTROM  AFB.  TEXAS 


llctuM:  KtUti't  10*37 

FIGURE  J«.  CROSS  SECTION  THROUGH  RUSTERS  FOUND  ON  INDITED  707S-T6  ALUMINUM  ROD  SPECIMEN 
EXPOSED  41  DATS  IN  SUMP  WATER  FROM  BERGSTROM  API,  TEXAS 

Nmc  \a\ttptnalu  nuch, 
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TABLE  29-  ORDER  OF  CORROSIVITY  OF  SUMP  SAMPLES  TO  IRIDITED 
7075- T6  ALUMINUM  (AFTER  42  DAYS  OF  EXPOSURE) 


Gene  ral 

Corrosion  Rate, 
mils/ year 


Calculated  Maximum 
Pit  Depth, 

_ mils/year _ 


Biggs  AFB 

0.95 

Bergstrom  AFB 

216.8 

Bergstrom  AFB 

0.73 

Homestead  AFB 

138.7 

Homestead  AFB 

0.  58 

Biggs  AFB 

121.4 

Loring  AFB 

0.  56 

Loring  AFB 

69.4 

K.  I.  Sawyer  AFB 

0.  18 

Columbus  AFB 

43.3 

Barksdale  AFB 

0.  17 

Barksdale  AFB 

34.7 

Columbus  AFB 

0.08 

K.  I.  Sawyer  AFB 

-- 

It  will  be  noted  that  there  is  a  slight  difference  in  order  of  corrosivity  of  these 
various  sump  samples,  depending  upon  which  method  of  measurement  is  considered, 
l.  e.  ,  general  corrosion  or  annual  pitting  rate.  Regardless  of  ihe  method,  the  same 
lour  specimens  remain  at  the  top  in  each  case.  These  are  Biggs,  Bergstrom, 
Homestead,  and  Loring  Air  Force  Bases.  However,  it  must  be  remembered  that  mea¬ 
surements  of  corrosivity  are  usually  made  on  a  statistical  basis  since  such  factors  as 
slight  differences  in  specimen  edges  or  surfaces  or  the  presence  of  occluded  material 
can  have  a  considerable  effect  on  the  results. 

From  the  limited  analytical  data  available  on  impurity  content,  it  is  difficult  to 
draw  complete  conclusions  regarding  the  effect  of  ion  type  and  content  on  corrosion 
rate.  On  the  other  hand,  it  will  be  noted  that,  in  general,  the  most  corrosive  sump 
samples  arc  high  in  chlorides  and  heavy  metal  ions  such  as  Cu,  Fe,  Ni,  and  Pb.  Both 
chlorides  and  heavy  metal  ions  are  known  to  accelerate  pitting  attack  of  aluminum. 


Effect  of  Sumps  on  Coated  Aluminum  Specimens.  Studies  were  completed  in  which 


the  corrosiveness  of  various  water  bottoms  toward  aluminum  was  determined.  These 
water  boitorr  or  sump  samples  wars  obtained  through  RTD  from  aircraft  at  severs)  SAC 
bases.  It  wr  requested  that  a  study  be  made  of  the  vlfect  of  these  contaminated  water- 
fuel  mixtures  on  aluminum  protected  with  standard  Buna  N  and  polyurethane  coatings. 
This  would  provide  information  on  the  ability  of  these  materials  to  prevent  corrosion. 

In  order  to  accelerate  ihe  possible  effects  of  surr.p  fluids,  the  immersed,  costed  speci¬ 
mens  were  placed  in  an  oven  at  H0*F.  After  14  days  of  this  exposure,  the  samples 
were  removed  and  examined.  Results  a'.-  summarized  in  Table  30.  Damage  to  the 
coatings  and  corrosion  el  ^he  aluminu  >d  rdnewhrt.  In  general,  the  Buna  N  coat¬ 

ings  were  blister.  ^  while,  with  only  two  evcep..ons,  the  polyurethane  coatings  were  not 
visibly  affected.  Figure*  38  and  39  are  colored  photograph*  of  the  sump  fluids  and  (he 
coated  rods,  respectively,  after  exposure,  it  will  be  noted  that  the  photograph  of  the 
sump  fluids  includes  two  sampler  not  used  in  the  rod  exposure  test.  One  of  theae  is 
from  Ramey  AFO,  and  the  other  is  a  container  filled  with  distilled  water  and  used  for 
color  comparison.  Photograph*  of  the  exposed  specimens  include  only  those  coatings 
on  Indited  aluminum  since  they  were  the  most  seriously  sffe -ted. 


TABLE  30.  EFFECT  OF  AIRCRAFT  SUMP  COMPOSITES  ON  TOPCOATINGS 


Exposure:  14  Days  at  140'F^a^ 


Appearance  of  Coatings  After  Exposure 

Sump  Source 

Two-Part  Polyurethane  Coating 

Buna  N  Coating 

Homestead  AFB, 
Florida 

No  apparent  effect 

Slight  leaching  of  color,  numer¬ 
ous  blisters. 

Loring,  AFB, 

Maine 

No  apparent  effect 

Leaching  of  color,  blisters. 

Spots  of  white  AI2O3  on  all 
coatings^ 

Columbus  AFB, 
Mississippi 

No  apparent  effect 

Small  number  of  blisters. 

AI2O3  formation  on  Iridited 
rods(b) 

Wright- Patterson 
AFB,  Ohio 

No  apparent  effect 

Leaching  of  color,  small  num1* 
ber  of  blisters.  Slight  AI2O3 
formation  on  irradiated  rods'*3' 

Barksdale  AFB, 
Louisiana 

No  apparent  effect 

Attached  deposit  of  suspended 
matter  on  anodised  rods. 

AI2O3  formation  on  Iridited 
rods  ■ 

K.  I.  Sawyer  AFB, 
Michigan 

Slight  blistering  on  Iridited 
rods 

Heavy  deposit  of  suspended  mat¬ 
ter.  Large  blisters. 

Biggs  AFB,  Texas 

Deposit  of  dark  suspended  mat¬ 
ter  on  coating.  Very  slight 
blistering  on  one  Indited  rod 

Deposited  suspended  matter. 
Al2C>3  formation  on  all  rvds.' 

Bergstrom  AFB, 
Texas 

De.-c  it  of  dark  suspended  mat¬ 
ter  on  coating;  otherwise,  no 
apparent  effect 

Modera.e  blistering.  Deposited 
suspended  matter.  AI2O3 
formation  (more  severe  on 
Iridited  rods  than  on  anodised 
rods). 

{*)  frocc*K»  Co*«n*t  »CTC  ,t*«n  tvo  ipoilciUom  cm  «ao«t*4  UWIcrt  o'  J/»-*nch  slwmtoum  rodt. 

foui  ifwclmcm  ol  t«h  cosUi*  p  »no4litd  *M  1  UMneS  rode)  w«e  pUcri  in  J-<tu*M  i»r»  «»ulnliy  I h*  wnf 
umpltt.  TTw  i*ti  *ttt  w*U4  »a«  eipowd  in  *n  tit  own  »i  HOT  let  4»yi. 

(b)  Aluminum  o«W«  (Al-Oj)  >pf*tn4  *>  twine*  moundi  of  white  powdet.  Fotmnton  ol  AljOj  Mtc«ei  ronodon.  «u 
woi*  fcunJ  in  the  nlumtnum  undei  rich  tppeuinct  ol  Ihc  while  oeiJe  growth. 


FIGURE  COMPOSITE  WAT5R  BOTTOMS  FROM  AIRCRAFT 


FIGURE  J9.  COATED  1RIDI1EO  RODS  AFTER  L  WEEKS  OF  EXPOSURE  AT  140  F  TO  SUMP  FLUIDS 

Oark  color  ia  Buna  N  Coating;  lighter  color  ia  polyurethane  coating. 

Control  aamplea  erpj ted  in  diatilied  water. 


Effect  of  Anti-Icer  Content  of 
Fuel  Sumps  on  Corrosion 

It  has  been  suggested  that  the  anti-icing  additive  which  consists  of  99.  6  per  cent 
ethylene  glycol  monomethyl  ether  and  0.4  per  cent  glycerine  might  act  as  a  retardant 
for  corrosion  of  aluminum  as  some  polar  materials  do.  An  experiment  was  conducted 
to  investigate  this  point.  Strips  and  rod  specimens  of  untreated,  anodized,  and  Iridited 
7075-T6  aluminum,  some  uncoated  and  others  protected  with  Coating  A  or  B.  were  ex¬ 
posed  to  Columbus  tap  water  and  to  deionized  water  containing  20  or  30  per  cent  of  the 
anti-icing  additive.  Results  of  this  study  are  shown  in  Table  31.  Photographs  of  the 
specimens  are  shown  in  Figure  40. 

There  was  no  evidence  after  42  days  of  exposure  at  80*F  that  the  anti-icing  addi¬ 
tive  inhibited  corrosion.  No  corrosion  was  observed  with  or  without  the  anti-icing 

TAJLE  31.  EFFECT  OF  WATER  TlfPE  AND  PRESENCE  OR  ABSENCE  OF  ANTI-ICING  COMPOUND 
ON  CORROSION  OF  TfrTS-T 6  ALUMINUM 

Exposure:  42  Daw  *1  SO*  F 


Solution 

Specimen 

General 

Cocrotioo 

Rate, 

rmlaArf*) 

Calculated 

Mat  Pit 
Depth, 
mlla/yt 

Appearance 

r  «  Fit 

Depth. 

mill 

lOfEGMI^aO.  3% 

Uaticjicd  thect 

0 

»— 

No  change,  no  pin 

mm 

glycerin  ♦  79. «% 

Untreated  rod 

0.01 

mm 

Two  tmsll  arena  of  general  cotttaloo.  no  pm 

— 

deionised  H^O 

Anodlasd  rod 

♦0.M 

No  change,  no  pin 

— 

Ditto 

Indited  rod 

0.A1 

I.: 

Localised  attack,  1  tmill  ipou,  t  pin 

1 

■ 

Coating  A  rod 

(N 

mm 

Coating  haa  become  lighter,  no  pita 

•• 

* 

Coating  1  red 

W 

•an 

Ditto 

** 

10MGMI<e>aO.S* 

Uncreated  theet 

0 

— 

No  change,  no  pita 

— 

glycerin  ♦  49. 

Untreated  theet 

0.01 

rnm 

General  corrosion,  no  pin 

•• 

detoniaed  HjO 

Anodlted  real 

♦  C.OJ 

mm 

Ns  change,  ns  pin 

Ditto 

indited  rod 

0.01 

1.7 

Seta*  areal  of  localitod  attack,  7  put 

t 

- 

Coating  A  rod 

w 

m* 

Much  lighter  coating,  no  pita 

— 

Coating  1  rod 

W 

— 

Ditto 

-- 

*JWGM«<C*»0.»4 

Uao sated  theet 

0 

No  change.  1  pit 

s,$ 

Untreated  rod 

0 

— 

Very  light  general  coma  to*,  no  pita 

•• 

up  vAur 

Anodlted  rod 

— 

No  change,  so  pin 

#• 

Dim 

Indited  rod 

0.1 

30.4 

One  email  apeck  localised  attack,  1  pit 

3.  N 

* 

Coating  A  tod 

**> 

mm 

Lighter  color  with  tpoet  of  green,  no  p.u 

mm 

Coating  1  red 

W 

** 

(tighter  appearance,  no  put 

mm 

Tap  v*t*c 

ti  JCated  theet 

0 

mm 

Black  film,  as  pin 

mm 

Ditto 

UiKteated  rod 

0.04 

mm 

Ditto 

mm 

- 

Anodlted  tod 

eo.oa 

mm 

No  change,  ns  pets 

— 

* 

knitted  rod 

0 

79.0 

One  wee  of  Vocal  tied  attack.  1  pit 

• 

* 

Coaling  A  rod 

<t> 

•* 

tighter  calm,  with  tpoa  of  (pern,  as  pin 

- 

Coating  1  rod 

w 

— 

Brighter  color,  as  pin 

•o 

(a)  mean  rate  noted  on  weight  gate  AlgOj’TMjO;  all  Mtan  hosed  on  weight  Ion. 

(h)  No  loraltaed  «  other  corrotioa  of  aluminum  -at  aNwiN  lot  rod,  coated  with  either  Coat  has  A  at  I.  Wright  Ion  ■J 

Coaling  A -cooted  rod)  vat  interpreted  at  a  tan  that  w  leaching  sart  si  polymer  mater  lilt.  Weight  gala  Coaling  P-coatrd 
rodt  vat  proha  Mr  due  to  vtter  uptake  hr  the  costing. 

(c)  EG  ME  <*  ethylene  glyc:,!  monomethil  ether. 
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Coating  A 


« 

F 


Iridited 


Untreated 


A  no<J  i  z  cl. 


20H3y 


a.  7075-T6  Aluminum  Htxb  txpc*«d  to  2D»2  Per  Cent  Anti-ktng 
Compound  1 9.  •  Per  Cent  Deionised  Water 


Coautxf  B 


t.oatky  A 


l’~t?ratcd 


A«w>4;*rJ 


200* 


B.  Aluminum  And*  (ipoted  to  Ya&  Water 

no<*r«.  r»«OTOG«AM»  Or  wtev  itri  «*««>«  rats  ik  onuxi-  KH.i  rnv.iAM>  >Ar 

WATt*  KTOtf  JSilO.INC  OWKTM 

AihI-kioj  compound  tC  p*»  t*«*  »th)l«vt  glycol  menwnrihyi  cihtt. 

9.  J  p«t  ccw  gltcn'M. 


additive  on  anodized  specimens  or  on  specimens  coated  with  Organic  Coatings  A  or  B, 
The  weight  loss  for  Coating  A  probably  represents  material  extracted  from  the  coating. 
Weight  gain  for  anodized  rods  represents  the  formation  ol  AI2O3  •  3H2O.  The  same  ■  - 

planation  may  be  true  for  weight  gains  of  rods  protected  by  Coating  B,  but  this  gain 
more  than  likely  reflects  water  uptake  by  this  coating. 

In  comparing  the  data  in  Table  31  with  earlier  data  (see  Tables  26  and  27),  it  <v: 
be  noted  that  corrosion  occurred  on  uncoated  rods  ir.  the  more  recent  experiments. 
There  are  a  number  of  possible  reasons  for  this,  including  such  factors  as  age  of  the 
rod,  differences  in  formed  surfaces,  possible  residual  contamination,  and  slight  fi;/' 
ences  in  alloy  composition  or  crystal  size.  One  other  difference,  of  course,  is  -  fact 
that  water  in  the  later  tests  contained  anti-icer. 


Synthetic  Sump 

As  previously  indicated,  water  sump  samples  from  Air  Force  plane*  have  cor¬ 
roded  both  uncoated  and  coated  aluminum  spec. mens.  Also,  there  was  a  qualitative 
correlation  between  the  heavy  metal  content  of  the  sumps  and  their  corrosiveness.  An 
attempt  was  made  to  prepare  a  synthetic  sump,  the  composition  of  which  was  based  on 
the  concentration  of  heavy  metal  ions  found  in  the  sump  samples  submitted  by  RTD  (see 
Table  28 ).  Since  the  chloride  ion  is  known  to  accelerate  corrosion  of  aluminum  and  the 
actual  sump  samples  contained  high  conccntrationa  of  this  ion,  the  synthetic  sump  was 
based  entirely  on  chlorides  of  the  various  metals.  Its  actual  composition  is  shown 
below: 


Salt 


Weight, 
per  cent 

Metal  Ion, 
ppm 

Chloride, 

r  n 

CaCl » 

50 

0.  005 

18 

32 

CdCl2 

1000 

0.  100 

490 

310 

MgCli 

50 

0.  005 

6 

18 

NaCl 

100 

0.  010 

20 

30 

ZnClj 

10 

0.  001 

4.  1 

5.  2 

CrClj-fcH.  "> 

1 

0.  001 

0.  2 

0.  3 

CuCIjZH  J 

1 

0.  001 

0.4 

0.4 

FeCh 

5 

0.  005 

1.7 

\  * 

MnClj-dHjO 

5 

0.  005 

1.4 

1.8 

NiCI^'bH  *0 

1 

0.  001 

0.2 

0.  3 

F*bCI* 

l 

0.  001 

0.7 

0.  3 

Total 

1?!* 

0.  1  35 

54  J.  3 

401. 6 

Aluminum  rods  coated  with  a  u  thane  and  a  Buna  N  coating  were  exposed  to 

the  artificial  tump  for  2  weeks  at  140  l.  Corrosion  of  the  metal  occurred  in  about  <hr 
same  length  of  tune  as  that  observed  for  actual  sumps,  although  the  patterns  were  some¬ 
what  different.  In  the  synthetic  sump,  some  corrosion  of  snodised  aluminum  coated  with 
the  pnlyut  ethane  coating  took  place,  whereas  anodised  aluminum  coated  with  the  poly¬ 
urethane  did  not  corrode  in  the  natural  lumps.  In  subsequent  42 -day  exposures  of  un¬ 
treated,  anodiaed,  and  Indited  707S-T6  aluminum,  the  corrosion  data  (Tabic  24)  do  not 
entirely  agree  with  those  obtained  in  actual  sumps.  For  example,  the  Indited  aluminum 
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consistently  showed  a  fairly  high  degree  of  corrosion  in  actual  sumps,  while  little  or  no 
corrosion  of  the  same  surface  was  evident  in  the  synthetic  sump.  Also,  untreated  alu¬ 
minum,  which  showed  a  weight  loss  in  sumps  obtained  in  the  field,  showed  a  consistent 
weight  gain  in  the  synthetic  system.  This  is  certainly  not  wholly  unexpected  in  what 
amounts  to  an  isolated  experiment. 

Neither  the  analysis  of  sumps  nor  the  study  of  corrosion  was  a  primary  objective 
of  this  study.  However,  a  limited  amount  of  corrosion  work  wa*  done  at  the  request  of 
RTD  because  of  its  importance  to  the  program  and  its  connection  with  Battelle's  study 
of  coatings.  Results  of  this  single  attempt  at  devising  a  synthetic  sump  were  sufficiently 
interesting  to  indicate  possible  utility  of  such  an  approach  in  screening  of  coatings, 
studying  aluminum  treatments,  and  possible  further  elucidation  of  the  role  of  micro¬ 
organisms  in  corrosion. 

It  should  be  pointed  out,  however,  that  a  number  of  additional  factors  should  be 
taken  into  consideration  in  devising  a  synthetic  corrosion  medium.  For  example,  in 
this  single  experiment,  no  anti-icing  additive  was  present,  whereas  actual  sumps  con¬ 
tain  up  to  35  per  cent  addit.ve.  This  may  explain  why  blistering  observed  on  coatings 
in  real  sumps  did  not  occur  in  the  laboratory-prepared  medium.  Further,  it  is  known 
from  reports  of  work  conducted  on  synthetic  sumps  by  another  contractor  that  consider¬ 
able  time  has  been  spent  on  studying  the  effect,  of  various  other  ions  including  nitrates, 
sulfates,  etc.  These  were  not  present  in  the  synthetic  sump  prepared  here.  Thus,  it  is 
apparent  that  more  work  would  be  necessary  to  define  an  ideal  composition.  Such  a 
composition  cannot  be  based  entirely  on  an  analysis  of  field  samples  since  these  can 
themselves  vary  considerably  while  exhibiting  similarities  in  corrosivity.  Finally, 
corrosion  can  be  studied  best  on  a  statistical  basis.  Thus,  a  much  larger  experimental 
program  would  be  needed  to  obtain  .onciusive  results. 
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APPENDIX 


LABORATORY  MEDIA  AND  METHODS 


Laboratory  Media 


BushneU-Haas  Mineral  Salta  Mediu:  1 


Majneeium  sulfate  (Mg  SOj1  TH^O) 

Calcium  chloride  (CaC^) 

Potassium  oLc-sphate,  monobasic  (KH2PO4) 
Potassium  phosphate .  dibasic  (K2HP04) 


0.02  g 


Ammonium  nitrate  (:nH4NC>3) 


Ferric  chloride  (T  CCI3)  (15  g  per  25  ml 
distilled  water) 


2  drops 


Distilled  water 


1000  ml 


pH  adjust  '\0-7.2  with  dilute  sodium  hydroxide  (NaOH). 
Twenty  grams  of  agar  was  added  to  the  above  formula  when 
an  agat  medium  was  needed.  Five  grams  of  glucose  was 
added  to  the  formula  in  studies  where  a  simple  carbon  source 
was  required. 


Modified  Buehnell-Haae  Mineral 
Salts  Medium 


The  aoove-described  formulation  was  modified  by  deleting  FeClj,  and  adding 
Arnon';  Mic rometabolic  Element  Solution,  which  was  originally  described  by  Hoagland 
and  Arnon*  and  further  modified  by  Battelle.  The  latter  modification  consisted  of  sub¬ 
stituting  Sequeetrine  130  iron  chelate  (Geigy  Chemical  Company)  for  ferric  tartrrte. 
Sequeet.-ine  330  is  sodium  ferric  diethylene  triamine  penta-acetate  (10  per  cent  iron). 
The  solution  used  in  these  studies  contained: 


H3BO5 

MnCl>-4H20 

ZnCl2 

CuCl2-2H20 

M0O3 

Distilled  water 


2.5  1 
1-5  g 

0.  1  g 

0.05  g 
0.  05  g 
1000  mi 


’ifoSjilsiMj,  f).  H. ,  »nd  Arno.1,  0.  I. ,  Unlvmiiy  ot  Cillforeia  Agtlcvliarc  tiprrimt.il  Simon  Clrcvlsi  No.  Ml  (1MI). 
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One  ml  of  this  micrometabolic  solution  and  1  ml  of  the  diluted  iron  chelate  (1.8  g 
Sequestrine  330  diluted  with  100  ml  distilled  water)  were  added  to  1000  ml  of  the 
Bushnell-Kaas  mineral  salts  medium  (minus  FeCl3)  to  form  the  modified  version. 


Bacto  Nutrient  Agar  (Difco) 


Bacto-beef  extract 

Bacto-peptone 

Bacto-agar 


Distilled  water 


1000  ml 


Final  pH  s  6.8 


Bacto  Tryptone  Glucose  Extract  Agar  (Difco) 

(For  Jet-Fuel  Isolates) 

Bacto-beei  extract 

Bacto- tryptone 

Bacto-dextrose  (d-glucoee) 

Bacto-agar 


Distil  1  wa  er 


2000  rnl 


This  medium  was  supplemented  with  0.  )  per 
cent  bacto-yeast  extract  when  needed. 

Final  pH  -  7.0 


Bacto  Thioglycollate  Medium  (Difco) 

(For  Clot  iridium  sporogens a) 

Bacto-yeast  extract 

Bacto-casitone 

Sodium  chloride 


1-Cystinc 


0.25  g 


Thioglycollic  acid 


Bacto-agar 


0.75  g 


■  i 


Distilled  water 


1000  ml 


Final  pH  =  7.  2 

API  Sulfate -Reducing  Broth 
(For  Degulf ovibrio  desulfuricans) 


Sodium  lactate,  USP 

4. 0  ml 

Yeast  extract 

1.0  g 

Ascorbic  acid 

0.  1  g 

Magnesium  sulfate 
(MgSQ4-7H20) 

0.2  g 

Dipotassium  phosphate 
(K2HP04-anhydrous) 

0.01  g 

Ferrous  ammonium  sulfate 
[Fe(S04)2(NH4)2-6H20] 

0.  1  g 

Sodium  chloride  (NaCl) 

10.  0  g 

Distilled  water 

1000  ml 

Final  pH  ■  7.5 

Trypticase  Soy  Agar 
(For  Sphaerotilug  natans) 

Trypticase 

15  g 

Phytone 

5  1 

Soeivm  Chloride 

5  • 

Agar 

g 

Disw.ied  water 

1000  ml 

Fin  '  pH  ■  7.3. 
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